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Nirrous oxide-oxygen anesthesia is relatively safe, although fatalities 
have been reported by several authors. So far as we could ascertain Bald- 
win! was the first to call attention to the harmful effects of nitrous oxide. 
He described 14 fatalities; Caine? reported four; Davies* one; Hahn* two, 
and McKean Downs’ six cases. Caine? was the first to consider brain dam- 


age as the possible cause of death, but no histologic evidence was given by 


any of the above authors. We are reporting three cases in which there was 


destruction of the cortex and basal ganglia following the use of nitrous oxide- 


oxygen anesthesia and one case with clinical evidence of a similar process. 


CASE REPORTS 

Case 1.—R. B., white male, aged 22, was cut on the finger by a piece of metal. 
[Treatment was begun October 24, 1932. Examination showed a small wound which 
would admit a grooved director. There was a slight purulent discharge and swelling 
of the finger. Temperature was 99.2° F., pulse 85. On October 25, under local anes- 
thesia, the wound was enlarged and drained and the swelling subsided. On November 
1 the swelling recurred and the wound was again enlarged. About 4 cc. of pus were 
removed and better drainage established. Nitrous oxide-exygen anesthesia was em- 
ployed for the second operation. 

Twenty minutes after the beginning of the administration of anesthesia, respira- 
tion suddenly ceased and there was rigidity and tremor of the extremities. Oxygen 
was administered and respiration was reestablished ten minutes later, but it was forced 
and 40 per minute. The patient remained unconscious from that time until death. 
The temperature rose rapidly to 107° F. and ran a very irregular course, ranging from 
103° to 107°. The pulse varied from 120 to 160, roughly following the temperature 
curve. The blood pressure varied between 85/60 and 125/60. All tendon reflexes dis- 
appeared permanently. There were periods of increased rigidity and tremor of the 


entire body when the temperature rose, but between these periods there was a lead pipe 


* The material from Cases 1, 2 and 3 was sent to us for study. 
Submitted for publication January 28, 1036 
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rigidity of the extremities. The muscles of mastication were hypertonic with occasional 


relaxation. Pupils were equal and symmetrical, varying from normal width to wide 
dilation, and reacted well to light. During the last eight hours the eyes were turned 
to the right. The margin of the right disk was obscured and the veins were engorged; 
the left fundus was not seen. There was incontinence of urine and feces. Laboratory 
findings: The spinal fluid pressure was increased but was otherwise negative. The white 
count was 18,000. Urine was negative. Death occurred approximately 60 hours follow- 
ing operation. 

Postmortem Examination—Brain: Leptomeninges were thin and smooth and were 
distinctly hyperemic. The convolutions were well developed. The basal vessels were 
delicate. On frontal sections the gray matter was of normal width, well demarcated 
and contained numerous petechial hemorrhages, especially in the occipital lobes. The 
basal ganglia and brain stem were hyperemic and there were few scattered small 
hemorrhages. Ventricles were narrow and the ependyma smooth. The cerebellum 
appeared normal. The remainder of the postmortem was negative. 


st. \ 


Fic. 1.—Section of parietal cortex Nissl stain. Photomicrograph Zeiss 
planar 20 Mm. The third, fifth and sixth layers are destroyed. The sec- 
ond and fourth layers are present, but show definite degenerative changes. 

Histology—Leptomeninges were thin and showed no pathologic changes other than 
hyperemia. 

Cortex: (Nissl] stain). There was a very severe disturbance of the laminar type. 
The first layer contained a few scattered astrocytes; the second layer was very thin, 
the neurons being greatly reduced in number and those remaining were degenerated. 
The third layer was entirely destroyed, and contained only a few degenerated neurons. 
The fourth layer was better preserved and contained a considerable number of ganglion 
cells. The fifth and sixth layers were completely destroyed and many areas were trans- 
formed into a spongy state (Fig. 1). The cortical myeloarchitecture also showed severe 
changes. The tangential fibers were almost entirely destroyed, but the radial fibers 
were somewhat better preserved. Silver preparation showed a reduction of axis cylinders. 

Basal Ganglia.—Caudate and Putamen: The parenchyma was severely affected, the 
small neurons being almost completely destroyed, but the larger ones were better pre- 
served. There were large areas of spongy state in the putamen. 

Pallidum, Thalamus and Hypothalamus: The parenchyma showed severe degenera- 
tive changes, but the cells were only moderately reduced in number. 


802 





oo NITROUS OXIDE ANESTHESIA 

Midbrain: In the corpora Luys, geniculate bodies, red nuclei, central gray substance 
and reticulate substance there was moderate degeneration of the neurons but no reduc- 
tion in their number. The substantia nigra and the pons were normal. 

Medulla: The neurons of the large olives were shrunken but otherwise there were 
no changes. 

Cerebellum: The Purkinje elements were destroyed in many areas, but the granular 


and molecular layers were intact. 
The cytologic changes of the neurons were of two types (a) shrinkage, (b) ischemic 


necrosis : 
(a) The shrunken cells appeared small, with pyknotic nuclei and greatly reduced 


cytoplasm. They were devoid of tigroid substance and were frequently reduced to 


shadows. 

(b) The ischemic elements were irregularly shaped or elongated, the cytoplasm was 
pale, homogeneous or slightly granular, the nuclei being stained a deep blue. 

The first type was particularly frequent in the cortex, putamen and caudatum, the 
second in the pallidum and thalamus. 

The glial response was moderate, being restricted to scattered microglia and 
macroglia. The blood vessels showed a slight capillary proliferation. Perivascular 
Lipoids and iron were not present. 


hemorrhages were present in some of the areas. 
The blood vessels 


White matter: the oligodendroglia was increased and swollen. 
were slightly proliferated and there were scattered perivascular hemorrhages. There 
was no evidence of demyelinization. 

Case 2.—W. G., a white male, aged 28, was admitted July 1, 1934, complaining 
of intermittent attacks of pain in the right lower quadrant, associated with nausea and 
vomiting. There were no other complaints. 

Operation July 2, 1934. A hyoscin-morphine-cactoid tablet No. 1 was administered 
hypodermically one hour before operation. 
ministered with the McKesson Nargraf apparatus. The patient had an easy induction 
and the anesthesia proceeded smoothly for approximately 30 minutes, when it was noted 
Oxygen was administered freely 


Nitrous oxide-oxygen anesthesia was ad- 


that respiration became quieter and more shallow. 


and finally under pressure. In spite of this, respiration continued to become more quiet 
For a period of 40 minutes the patient apparently did not breathe 


and finally ceased. 
the 


voluntarily. Artificial respiration was continued and carbon dioxide added to 
Stimulants such as Alpha lobelin, caffeine, atropin and coramine were ad- 


oxygen. 
The blood pressure and the pulse rate which were normal 


ministered without effect. 
at the beginning of the anesthesia rose to 150/90 and 120 respectively, the latter being 
The color .of the skin was pink and the patient was apparently 


full and of good volume. 
The pupils were moderately dilated 


in good condition except that he did not breathe. 
and did not react to light, the muscles were relaxed. 

After 40 minutes the patient began breathing, at first taking a few shallow breaths, 
which gradually became deeper. Oxygen-carbon dioxide was administered for two hours. 
The patient remained comatose and developed stiff neck and convulsive movements of 
the jaw, biting tongue and lips, and was very restless. In the afternoon his temperature 
Two days later he showed signs of 


> 


rose to 105.6°, pulse to 145 and respirations to 24. 
returning consciousness and asked for water. Twitchings of the left index and third 
About 60 hours after the operation the respirations rose to 60; the 


fingers were noted. 
and 


pulse became very irregular in rhythm and volume; the temperature rose to 106 
there was deep coma. Death occurred approximately 72 hours after operation. Post- 
mortem disclosed no gross findings of importance. 

Histology.—Leptomeninges were normal. The entire cortex and the basal ganglia 
were severely damaged. The findings varied considerably in different areas of the 
cortex as follows: 

(1) Areas in which all layers of the cortex with the exception of the second were 
destroyed, the parenchyma being reduced to a few scattered degenerated neurons. 
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(2) Areas in which the second and third layers were preserved while the fourth, 
fifth and sixth were destroyed. 


(3) Areas in which the destruction was confined to the fifth and sixth layers 


(Fig. 2). 
(4) Areas 
Spongy state was present throughout the cortex, occurring usually in the fifth and 
M yeloarchi 


in which the destruction of the parenchyma was spotty. 


sixth layers. The axis cylinders were considerably reduced in number. 


tectural changes corresponded to those of the first case. 
Basal Ganglia: the parenchyma of caudatum, putamen, pallidum and thalamus was 
destroyed. 
Midbrain, Hypothalamus, Medulla and Cerebellum: the changes corresponded t 


those in the first case. The reticulate substance showed a moderate reduction of neurons, 


with severe degenerative changes of the cellular structure. 
The degenerative changes of the neurons were 
ischemic degeneration with encrustations The 


Cytologic Changes: of two types: 


(1) simple shrinkage, (2) shrinkage 
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Section of parietal cortex Nissl stain. Photomicrograph Zeiss 


Fic. 2 
layers are destroyed, the other layers show 


20 Mm. The fifth and sixth 
moderate diffuse degenerative changes. 
corresponded to that of Case 1. The encrustations appeared in the form of numerous 
deep blue or black granules in the cytoplasm and on the dendrites of the cell. This 
change was common in the cortex but rare in the basal ganglia. 

Blood vessel proliferation was marked in the basal ganglia, particularly in putamen 
and caudatum. There were no hyperemia or perivascular hemorrhages. Glial reaction 
corresponded to that of Case I. 

White Matter: the findings were identical with those in Case 1. 

Case 3.—C. K., a white female, aged 51, admitted July 12, 1932, with complaints of 
Her health was otherwise good. General physical ex- 


examination revealed a large, nodular mass. Diagnosis, 


Lipoid and iron stains were negative. 


menorrhagia and leukorrhea. 
amination negative. Pelvic 
uterine fibroid. 
Operation July 13. 
performed. One hour later, 
Oxygen was given under pressure, adrenalin was injected intravenously, which 
(Time and details not men- 


1932. Anesthesia was induced quietly. Panhysterectomy was 


while closing the wound, respiration and pulse suddenly 
ceased. 
effected prompt restoration of the pulse and respiration. 


tioned. ) 
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Following the operation the patient remained comatose and her entire body was 


rigid, and there was “risus sardonicus.” Temperature, 100.9°; pulse, 100; respiration, 


20; blood pressure, 140/80. The next morning (July 
it was regular and of good volume. The patient perspired 


14) the temperature rose to 


102.5°, the pulse to 120, but 
In the afternoon the respiration became very slow—eight per minute—and 


profusely. 
12 hours. The muscles of the extremities relaxed but 


remained so for approximately 


the trunk muscles remained rigid. 
During the next three days the temperature ranged between 104° to 
respiration from 28 to 36, the pulse 110 to 120, blood pressure averaged 149/68. The 


105°, the 


patient continued comatose and incontinent. The entire body was rigid and there were 


twitchings of the left hand. On July 18 the pulse rose to 160 and became irregular; the 
respiration became very shallow, ranging between 32 and 40, ceasing for one to one and 
one-half minutes at intervals. The patient became increasingly cyanotic. The tempera- 
Several hours before death respiration gradually slowed down 


ture rose to 100.4 
Death occurred July 19, approximately 119 hours following 


from 42 to 16 per minute. 
operation. 
Postmortem revealed no gross findings of importance 
The histologic findings corresponded to those in the first two cases. The destruc- 
tion involved the entire cortex and was of several types as follows: 
(1) Areas in which mainly the upper layers (two and thfee or three and four) 
were damaged. 
(2) Areas in which mainly the lower layers (four and six or five and six) were 


affected. 

(3) Areas in which the entire width of the cortex was involved. 

(4) Areas in which the destruction was spotty. 

Spongy state was present in numerous areas. 

In the basal ganglia, hypothalamus, brain stem, pons, and cerebellum no definite focal 
lesions were found, but the neurons showed moderate nonspecific changes. 

The histologic details in the cortex and white matter corresponded to those of 
Cases I and 2. 

Histologic Summary: In spite of some variation in degree the histologic picture 
of the three cases was essentially the same. There was severe damage throughout the 
cortex especially in the fifth and sixth layers (Case 2). In the first and third cases 
there were many areas in which the entire cortex was destroyed. The spongy state 
was usually restricted to the lower layers even in areas of diffuse destruction. 

The damage of the basal ganglia was marked in Cases 1 and 2 and moderate in 
Case 3. The changes in the brain stem and cerebellum were in all cases much less 
severe than those of the cortex and basal ganglia. The histologic picture was purely 
degenerative in type. 

Case 4.—J. D., white female, aged 29, admitted September 9, 1928, with a lung 
abscess. Phrenectomy was performed under local anesthesia with considerable improve- 
ment. The patient was discharged October 19, 1928. The symptoms recurred and the 
patient was readmitted November 16, 1928. The abscess was opened with cautery 
under local anesthesia and the cavity drained and packed with vaseline gauze. There 
was a rapid improvement and the patient was discharged. Eight months later the 
patient returned for closure of the fistula. On October 3, 1929, a bronchial and musculo- 
cutaneous plastic operation was performed and several large hilar bronchi were closed. 
The operation was conducted under nitrous oxide anesthesia, and lasted one and one- 
half hours. 

The operation and anesthesia were without incident. During the operation the 
patient received 900 cc. of 5 per cent glucose per rectum and a hypodermic of morphine 
sulphate gr. 1/6. The patient’s condition before, during and immediately after the 
operation was reported as fair. 

In the afternoon she became restless and was given Pantopon gr. 1/3. At 8 P.M. 
hyoscin gr. 1/100 was given. One hour later the patient developed “spasmodic jerkings” 
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of the legs which soon involved both upper and lower extremities. The slightest stimulus 
precipitated a convulsive attack. There was fecal and urinary incontinence. The next 
morning, the patient was much improved and quieter but there were still slight muscular 
twitchings in the arms and face. The temperature was 102.6°, pulse 134, respirations 
24. The head was turned to the right, but there was no rigidity of the neck. The fundi 
showed slight papilledema. Tendon reflexes were normal. The abdominal reflexes 
were absent. There was a positive Babinski on the left and a suggestion of one on 
the right, and the muscle tone in the legs was slightly increased. Tendo achillis pres- 
sure caused an expression of pain but no movement of the large toe. In the afternoon 


the patient again became noisy and restless and was given 1/100 of a grain of hyoscin. 


Toward the evening she was semistuporous and irrational, but answered questions at 
times. 

During the next eight days the general condition showed a slow improvement, but 
on October 12 the patient was still somewhat confused and complained of impaired 
There was a definite limitation of outward rotation of both eyes and a fine 


vision. 
In moving the eyes upward the left eyeball 


nystagmus on lateral deviation to the right. 
lagged behind the right and went upward in jerks. Pupils were moderately dilated 
and did not react to light. Nasal margins of both disks were blurred, but there was no 
measurable elevation. Apparently there was no light perception in the right eye, but 
with the left she could count fingers. There was weakness of the left side of the face. 
The biceps and triceps reflexes were normal on the right and overactive on the left. 
The patient did not move the left arm and hand. When asked to squeeze with the left 
hand she closed the right hand. The abdominal reflexes were absent, the knee jerks 
were normal on the right and increased on the left. The Achilles reflexes were normal 
on both sides. Babinski was positive on the left, questionable on the right. There was 
marked sweating of both feet. 

During the next few days considerable improvement was noted. The patient be- 
came oriented and emotionally stable. A slight VIth nerve palsy persisted. There was 
coarse tremor of the tongue on protrusion; the face was mask-like. The left arm and 
hand were paralyzed and there was considerable ataxia of the right arm. Knee and 
Achilles reflexes were normal and there was no Babinski sign on either side. 

On October 22, she could count fingers at arm’s length and began to move the 
left hand, but the ataxia on the right persisted. On October 26, the fundi were normal. 
Both arms were ataxic and the tone of both legs was markedly increased, more so on 
the right. Tendon reflexes were increased and there was an abortive ankle clonus. 
The umbilical reflexes were absent. On October 31, the patient complained of severe 
sharp pain in the hands, especially the right, associated with numbness and _ tingling. 
Strength of both hands was good, better on the right. Movements on the right were 
carried out better than on the left. On November 5, the patient was able to read words 
of ordinary print. There was some improvement of the left leg, enabling her to take 
a few steps. On the next day severe pain occurred in both arms and legs, more so of 
the left arm and right leg. Movements of the extremities accentuated the pain. 

On November 9, the patient was up in a wheel chair. The extra-ocular movements 
and fundi were normal. The tongue protruded straight, and there was only slight 
weakness of the face on the left. Grip in the right hand was good but there was a marked 
ataxia on the right and an intention tremor on finger to nose test on both sides. There 
was bilateral adiadokokinesis. Grip on the left was weak. The biceps and triceps 
reflexes were normal. There was spasticity and increased tone of the legs and the knee 
and Achilles reflexes were increased bilaterally. There was bilateral ankle clonus. 
Vibratory sense was lost in both ankles. The sense of motion and position was lost in 
the toes of both feet. 

By November 27, the patient was able to write legibly. Visual fields showed 
concentric contraction, relative central scotomata in both eyes, and later on a homonymous 
defect in the right inferior quadrant. The ophthalmologic symptoms improved gradually 
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and on January 12, 1930, the scotomata were much smaller but the fields still showed 


concentric contraction. 
At the time of discharge from the hospital May 3, 1930, the pupils were equal, 


but reacted sluggishly to light. There was a slight coarse tremor of the tongue, marked 


ataxia on finger to nose test, which was not markedly increased by closing the eyes, 
bilateral adiadokokinesis, and hyperactive tendon reflexes. There was slight spasticity 
with atrophy of the right leg, and heel to knee to toe test was impossible on both sides. 


On September 8, 1930, the patient was ataxic, but was able to walk. The neurologic 


status was otherwise unchanged. 

The patient was seen last on March 12, 1035. 
fundi and visual fields were normal. There was slight 
The tongue protruded straight. Biceps and triceps reflexes were ex- 


The pupils, extra-ocular movements, 
weakness of the left face with 
some masking. 
more so on the right. Hoffmann’s sign was positive on the left, the 


aggerated, 
were exaggerated. 


abdominal reflexes were-diminished and the knee and Achilles reflexes 
There was a suggestive bilateral Babinski and ankle clonus. There was hyperalgesia 
of the organic type below the sixth dorsal segment, but no other sensory changes. There 
was marked ataxia on finger to nose test, more marked on the left, which was increased 
with the eyes closed. There was a definite Romberg’s sign and a tendency to fall 
toward the right. There was a slight spastic-ataxic gait, more marked on the left. 


Mentality was not materially impaired. 


CrinicaL Discusston.—<At the present time it appears that the harmful 
results of nitrous oxide-oxygen anesthesia can be divided into two groups 


as follows: (1) Fatal cases, and (2) cases with incomplete recovery. The 


first group can be subdivided into (A) immediate death, and (B) those with 


death occurring after hours, days or weeks. 

(A) Death during nitrous oxide-oxygen anesthesia has occurred follow- 
ing narcoses of varying duration. The shortest narcosis with a fatal result 
was reported by Davies*—20 seconds, in Baldwin's! Case 4 “just in the be- 
ginning of the narcosis,” in his Case 9, after 20 minutes. McKean Downs” 
reported a fatality after 45 minutes; Hahn* reported two cases with fatal 
termination following an anesthesia of an hour and a quarter. In many 
instances the duration of the narcosis is not given, but it can be assumed that 
in some instances it was not long, since the anesthetic was used for minor 
operations as, for example, extraction of teeth. 

According to all authors, in fatal cases the respiration ceases suddenly 
and without warning (Baldwin, Caine*, Davies, McKean Downs, Hahn‘). 
McKean Down states: “There was no gasping, no change in the rate or 
depth of respiration, no futile efforts to breathe—merely a sudden and com- 
plete respiratory failure...” Similarly Baldwin: “The patient died sud- 
denly and without warning.” Almost invariably the authors state that the 
operation progressed normally and the “color of the patient was good.” Con- 
siderable cyanosis was reported only by Hahn and Davies. The respiration 
was restored for ten minutes in Baldwin’s Case 11 following administration 
of artificial respiration for one hour. In all other cases failure of respiration 
Was permanent. Death occurred in different stages of the operation with 
the exception of Baldwin’s Case 2, who died a few minutes after the 
operation. 
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The relation of the failure of circulation to that of respiration varied in 
fatal cases. In McKean Downs’ cases . . . “the heart continued to beat at 
first quite forcefully, then gradually faded out until it too stopped about one 
hour and a half after the breathing.” Other authors reported simultaneous 
cessation of circulation and respiration. In Baldwin's Case 3, who was un 
dergoing an abdominal operation, the circulation ceased instantaneously, the 
aorta becoming pulseless. Attempts at resuscitation with oxygen and in some 
cases with heart massage through the diaphragm were unavailing (Baldwin's 
Cases 9, 12, 13, Caine’s Case 4, both of Hahn's cases ). 

(B) Cases with fatal outcome after hours, days or weeks. To this group 


> 


belongs one case of Caine and our Cases 1, 2 and 3. The respiration ceased 


suddenly (Cases 1 and 3) or gradually (Case 2); but the failure of respira 


tion was not permanent. It was reestablished after one and one-half minutes 
in Caine’s case, after ten minutes in our Case 1 and after 40 minutes in our 
Cases 2 and 3. In none of these cases did respiration or circulation return 
to normal. The respiration was labored and 40 per minute in Case 1; it 
varied between 24 and 60 in Case 2; between 30 and 42 in Case 3, and be- 
tween 30 and 56 in Caine’s case. The pulse rate varied from 120 to 160 in 
Case 1; between 120 and 145 in Case 2; between 110 and 160 in Case 3, and 
138 and 150 in Caine’s case. The blood pressure in Cases 1 and 3 dropped 
slightly but soon returned to normal. There was a marked elevation of tem- 
perature in all instances: 108° (Case 1); 105° to 107° (Case 2); 106° (Case 
3), and 102° to 104° (Caine). All reflexes were permanently abolished in 
Case 1. The reflexes were not reported in other cases. Convulsions, mus- 
cular twitchings, hypertonicity of extremities and trunk were present in all 
three cases. Cases I and 3 were comatose until death. There was a partial 
return of consciousness after nine hours in Caine’s case and after 48 hours 
in Case 2. Death occurred after 17 hours (Caine), 60 hours (Case 1), 72 
hours (Case 2) and 119 hours (Case 3). 

In an unusual case reported by Caine, death occurred two months after 
anesthesia. A white woman of 58 was operated upon for chronic appendi- 
citis and cholecystitis. Respiration and circulation ceased after 50 minutes 
of nitrous oxide-oxygen anesthesia. Oxygen and heart massage restored 
respiration and circulation one minute later. Consciousness and _ reflexes 
began to return after 45 minutes. Three hours later the patient was able to 
respond to questions and talked intelligently after six hours. She was ap- 
parently normal next morning but complained of seeing white balls (question 
of retrobulbar neuritis). Three days later the patient complained of impaired 
vision, but the eyegrounds were normal. A neurologist diagnosed a possible 
cerebral edema and considered the patient’s condition to be very serious. A 
progressive mental deterioration developed and death occurred two months 
after the operation. 

Group 2. Cases with incomplete recovery. To this group belongs a case 
reported by Caine and our Case 4. Caine’s patient, a mulatto woman, aged 
37, was operated upon for uterine fibroids. Respiration and pulse stopped 
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suddenly (time not given). Oxygen and heart massage restored the heart 
heat within two minutes and respiration five minutes later. Following anes- 
thesia there was generalized paralysis, the patient was blind and unable to 


speak. Three years later the patient was blind, paralyzed and her speech 


was unintelligible. After six years she had some voluntary motion in her 
hands and arms and could distinguish colors and objects. Her intelligence 
was apparently good but the speech remained unintelligible. 

Our Case 4 differs from the others in that there was no disturbance 
during the anesthesia, the clinical symptoms of brain damage appearing sev- 
eral hours after the operation. The clinical picture, however, is related to 
both the fatal and non-fatal cases but is less severe. She was semicomatose 
and greatly agitated. Convulsions, muscular twitchings, and disturbances of 
temperature, pulse and respiration were of the same type as in fatal cases. 
The paralysis was restricted to the left side and the eyesight was temporarily 
impaired (retrobulbar neuritis), resembling the picture described by Caine. 
The neurologic status varied during convalescence, tendon, reflexes and 
muscle tone showing frequent variations. The patient made a slow recovery 
and when seen five years later showed residual neurologic findings but was 
able to earn her living. 

Discussion oF PatHoLoGy.—In some of the fatal cases in which an 
autopsy was performed (McKean Downs, Hahn), the cause of death was 
not established and histologic examination of the brain was not reported. It 
is not likely that definite changes of the parenchyma could be demonstrated 
if death occurred instantaneously. Such changes can be expected only if the 
patient survived at least 24 to 36 hours following the anesthesia. From the 
neurologic findings in all three of our cases we can assume that death was 
due to the destruction of brain parenchyma. The two possible causes of this 
destruction which may be considered are: (1) asphyxia, (2) toxic effect of 
the gas. 

The asphyxia might be produced in two ways: (a) anoxemia due to low 
oxygen content of the blood; (>) anoxemia due to collapse of the brain 
capillaries. 

(a) The first possibility has been advocated by German authors 
(Florcken®, Lotheisen?, Sudeck-Schmidt*) who advised the avoidance of cva- 
nosis in the administration of nitrous oxide. This explanation is not entirely 
satisfactory. The significance of cyanosis is variously interpreted. Accord- 
ing to Moore,” it is not necessarily a sign of oxygen deprivation and accord- 
ing to Raginsky and Bourne’ a moderate degree of cyanosis cannot always 
be prevented. In most of the fatal cases no cyanosis was present and the 
color was good at all times (Case 2). There were no signs of anoxemia 
and the narcosis was not considered too deep. As a rule, the authors remark 
that both narcosis and operation progressed normally and that the fatal out- 
come occurred suddenly and without warning. It is not likely that signs of 
anoxemia were overlooked. Similarly anoxemia would not be expected to 
occur in 20 seconds (Davies). Anoxemia due to oxygen deprivation should 
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be promptly relieved by the administration of oxygen and is therefore not 
dangerous. 

(b) Collapse of the capillaries associated with stasis and anoxemia as a 
responsible cause of degeneration of the parenchyma is to some extent sup- 
ported by the histologic findings of Case 1, in which there were hyperemia 
and perivascular hemorrhages. but this change is too limited to produce a 
complete destruction of the cortex, and in Cases 2 and 3 it was not found. 
These conclusions are in agreement with the experimental observations by 
Gianotti and Vannotti! who studied the influence of nitrous oxide-oxygen 
anesthesia upon capillaries in rabbits. Under the influence of a mixture of 
go per cent nitrous oxide and 10 per cent oxygen, the entire capillary system 
contracted, the contraction being replaced by dilatation as soon as anesthesia 
was established. New capillaries appeared and the color of the underlying 
tissue became increasingly red. The arterioles were engorged, the speed of 
the blood current was reduced, the capillaries were markedly but unevenly 
dilated, occasionally forming aneurysms. The blood corpuscles were agglut- 
nated and moved slowly and irregularly. Similar dilatation was also visible 
in the veins in which the blood flow was retarded. Perivascular and diffuse 
hemorrhages occurred. This condition remained without essential change 
even in prolonged anesthesia. Collapse of the blood vessels and complete 
stasis did not occur, and these manifestations could be promptly relieved by 
the administration of oxygen. The authors emphasized that these findings 
differed fundamentally from those produced by an asphyxiating mixture of 
nitrogen-oxygen which easily caused collapse of the vessels and stasis. They 
concluded therefore that the anesthetic effect of a nitrous oxide-oxygen mix- 
ture is not obtained by asphyxiation. The histologic picture suggests that 
the destruction of the brain is due to the toxic action of nitrous oxide on the 
parenchyma. A definite selective destruction is noted, the cortex and the 
basal ganglia being much more severely damaged than the brain stem and 
the cerebellum, resulting in a clinical picture of decortification. Destruction 
of this type is frequently a toxic manifestation and similar findings have 
been noted in cases of poisoning by excessive doses of pantapon, morphine 
and ergoapiol. Therefore, death may be due to extensive destruction of the 
cortex and basal ganglia rather than to involvement of the respiratory area 
per se. 
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Descriptions of the symptoms presented by patients with massive pul- 
monary embolism have usually been lacking in detail and clarity. This is 
probably due to the dramatic character of the event and to the usually rapid 
and fatal termination. Giertz and Crafoord,! however, have given an excel- 
lent account of the symptomatology in 27 cases. The symptoms observed in 
order of frequency were as follows: sudden onset of symptoms without any 
warning; high, soft, finally imperceptible pulse; marked pallor ; unconscious- 
ness; slight cyanosis; craving for air; dyspnea; altered respiration, super- 
ficial or deep; snatching or groaning; feeling of oppression, dread, anxiety, 
restlessness; pain or stitch in chest, usually over precordium; shock; cold 
perspiration ; pulsations in veins of neck (the authors remark that this symp- 
tom is probably more frequent than was noted in the brief accounts avail- 
able) ; waving arms about, wanting to get up. Violent vomiting, strabismus, 
dilated pupils, giddiness, and yawning also occasionally occur. They sum- 
marize their findings as follows: “In most instances it (massive pulmonary 
embolism) comes like a bolt from the blue with typical symptoms of which 
the most frequent are intensive pallor, loss of pulse and consciousness. 
Common symptoms are also oppression, craving for air and a mild cyanosis 
with a typical venous pulsation above the clavicles.” 

No adequate account of the physiologic changes underlying these varied 
symptoms has yet been given, although in a previous paper one of us? at- 
tempted to analyze the factors that lead to death when the main trunk of the 
pulmonary artery is occluded either completely or partially by a massive 
embolus. The complexity of the problem is increased because the obstruc- 
tion to the flow of blood is usually not confined to a single point in the pul- 
monary arterial tree. The emboli are long and narrow and may not only 
produce a partial or complete occlusion of the main pulmonary artery but 
may extend into one or both main branches and obstruct a varying number of 





lobar branches.* There results a combination of partial occlusion of the 
main artery and a complete block of one or more of its lobar branches. The 
* Read before the Philadelphia Academy of Surgery, April, 1936. 
Submitted for publication February 20, 1936. 
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disturbance produced by partial occlusion of the pulmonary artery itself 


obviously differs from that produced by occlusion of certain branches of 
that artery and a difference in symptomatology results. Valuable informa 
tion on this point could be obtained by an accurate correlation of the clinical 
symptoms with the location of the emboli found at autopsy. Unfortunately 
such correlation is rare. 

Smellie,* however, has given a very good account of the symptoms pre- 
sented by a patient with the obstruction to blood flow, incomplete but clearly 
confined to the main pulmonary artery. The patient, a boy ten years old, 
went to bed at 10 P.M. apparently perfectly well. At 1 A.m. he felt cold, 
and half an hour later vomited and complained of thirst. He vomited again 
at 3 A.M. At 5 A.M. he appeared to be asleep and breathing normally but 
looked pale. At 9 A.M. his general condition was the same. He did not 
reply when spoken to. At 10 A.M. he was breathing regularly but was very 
pale and could not be roused. He was taken to a hospital and died one-half 
hour later. At autopsy a large, firm, grayish-white clot was found in the 
right heart. It was firmly adherent in only one place, ¢.e., the right auricular 
appendage. From this place of origin it extended through the right ven- 
tricle and terminated in each pulmonary artery just distal to the bifurcation. 
The thrombus was not adherent to the walls of the artery. There was an 
area of infarction about three inches in diameter in the lower lobe of the 
right lung. No other significant pathologic changes were found except some 
petechial hemorrhages beneath the epicardium. In this patient pallor and 
unconsciousness were the striking features, and except for the small area 
of infarction the obstruction was clearly confined to the main pulmonary 
artery. 

Rochet,” in 1930, made a clinical distinction between two types of 
fatal pulmonary embolism, and characterized them as “syncopale’’ and 
“asphyxique.” He gives the following descriptions of each type (translated 
by authors) : 

“IT found a man propped up in bed, pale as a corpse and covered with 
cold sweat. The pupils were dilated, respirations were intermittent and 
tracheal rales were present. The pulse was imperceptible and the heart 
sounds were infrequent and muffled. There was no cyanosis. Death oc- 
curred a few minutes later. This is the ‘syncopale’ type of fatal pulmonary 
embolism. 

“My second patient was a woman, age 35, upon whom I had operated for 
a large fibroadenoma of the breast. . . . The postoperative course was nor- 
mal for two days. On the third day the patient while moving her bowels 
after an enema experienced a terrific pain in the back of the chest. It was 
10 A.M... . Symptoms of asphyxia were predominant. Respirations were 
shallow and rather slow. The lips were black, in sharp contrast to the 
leaden pallor of the face. The hands and feet were deeply cyanotic. The 
pulse was thready and the rate could not be determined. Auscultation of 


the chest revealed no abnormalities. I ordered inhalations of oxygen and an 
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hypodermic injection of morphine to control the severe pain in the chest. I 
saw the patient an hour later. She had no more pain and was almost euphoric. 
The respiratory rhythm was normal but the cyanosis was as intense as before, 
and the flickering heart action persisted, despite the use of cardiac stimulants. 
\t 5 p.M. her condition was the same or perhaps slightly better. Death oc- 
curred suddenly at 11 p.M. This is an example of the ‘asphyxique’ type of 
fatal pulmonary embolism.” 

Unfortunately autopsies were not performed on these cases. Judging by 
Smellie’s case and our own experience, it seems likely that the ‘“syncopale” 
type represents an obstruction of the main pulmonary artery. The clinical 
descriptions are decidedly similar.” The “asphyxique” type on the other 
hand is better interpreted as an extensive block of the peripheral branches 
of the pulmonary artery. Evidence substantiating these clinical observations 
can best be obtained by separately producing both types of obstruction to 
blood flow in animals and recording the physiologic changes which follow. 
Some experimental work on this subject has already been performed. 

In 1921 Underhill® noted the occurrence of anoxemia after ligating the 
left pulmonary artery in cats. The anoxemia was associated with some in- 
crease in pulmonary ventilation. Haggart and Walker,’ in 1923, noted an 
average increase of 26 per cent in pulmonary ventilation following ligation 
of an artery to one lung. This was the result of an increase in tidal air and 
a slight increase in respiratory rate. Binger, Brow and Branch,* in 1924, 
produced multiple pulmonary emboli in animals by the intravenous injection 
of two or three hundred seeds, and noted the appearance of tachypnea and 
anoxemia. They concluded that the “tachypnea is due to anoxemia and can 
be stopped or prevented by oxygen inhalation. The anoxemia has been 
attributed to a change in the quantitative relation of blood flow to the vas- 
cular diffusion area in the lungs. The nature of this changed relationship is 
twofold: (a) an increased rate of flow through the capillaries, the flow being 
so rapid that the blood cannot assume its normal load of oxygen, (>) a com- 
pensatory dilatation in the capillaries which are crowded with corpuscles in 
columns so thick as to interfere with the normal inward diffusion of oxygen. 
Each of these defects in oxygen diffusion can be remedied by raising the 
alveolar oxygen tension.” They did not attempt to determine quantitatively 
the diminution in the pulmonary vascular bed produced by the seed emboli. 

The circulatory effects of partial occlusion of the main pulmonary artery 
have been studied by Gibbon, Hopkinson and Churchill. In contrast to 
previous work on this subject it was found that a slow fall in systemic blood 
pressure could be produced by compression of the pulmonary artery. The 
decline in blood pressure is associated with a rise in venous pressure and a 
decrease in cardiac output. An illustration of the fall in blood pressure ac- 
companying a massive pulmonary embolus has been given by Churchill? in a 
graphic chart of the blood pressure of a patient who finally succumbed after 
17 hours. In the present investigation further studies upon the effects of 
compression of the main pulmonary artery are reported. In addition a vary- 
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ing number of branches of the pulmonary artery were occluded and the 
effects upon the cardiorespiratory system noted. 

Our experiments have been divided into two groups. In Group A the 
blood pressure, the saturation of arterial blood with oxygen and the respira- 
tory minute volume and tidal air were determined before and during partial 
occlusion of the main pulmonary artery. In Group B similar determinations 
were made before and during complete occlusion of a varying number of 
the lobar branches of the main pulmonary artery. 

MerTuop.—Cats anesthetized by the intraperitoneal injection of sodium 
barbital (0.45 g. per Kg. of body weight) were used in all experiments. 
The carotid arterial pressure was recorded on a kymograph in the usual 
manner with a mercury manometer. A cannula was introduced into the 
trachea and connected through a T-tube with inspiratory and expiratory 
Krogh valves. The expired air was collected by connecting the expiratory 
valve with a Benedict-Roth recording spirometer. Three minute collections 
of expired air were made to compute the respiratory minute volume. Sam- 
ples of arterial blood were withdrawn under oil from a femoral artery and 
the oxygen content and capacity determined. 

In Group A the pulmonary artery was compressed by a clamp capable of 
very fine adjustments.’ The pulmonary artery was exposed in all but three 
experiments by removing a portion of the sternum, opening the pericardium, 
and making an airtight union between the opening in the pericardium and 
the opening in the wall of the chest.’' With this preparation the pulmonary 
artery may be compressed and observations carried out in a normally breath- 
ing animal. In three experiments (Nos. 2, 3 and 4) the clamp was adjusted 
about the pulmonary artery through an intercostal incision and a small open- 
ing in the pericardium. ‘The intercostal incision was then closed tightly 
around the shaft of the clamp. This preparation also permitted compression 
of the pulmonary artery in a normally breathing animal. 

In Group B a varying number of lobar branches of the pulmonary artery 
were completely occluded by ligature. In all the experiments in this group 
the pericardium was sutured to the wall of the chest in the manner described 
by Drinker.’' This gave access to the right and left main branches of the 
pulmonary artery in a naturally breathing animal. When the preparation 
was completed a record was made of the blood pressure, a sample of arterial 
blood was withdrawn for analysis and a record of the respiratory minute 
volume was made. <A previously placed ligature was then tied about the 
right or left pulmonary artery completely occluding it. The observations 
were then repeated. When it was desired to shut off the blood supply to 
more than one lung, ligatures were tied about one or more lobar branches of 
the left pulmonary artery. The pericardium was then sutured to the wall of 
the chest. Occlusion of the right pulmonary artery then directed the entire 
output of the right heart through the unligated branches of the left pulmonary 
artery. Autopsies were always performed at the conclusion of the experi- 
ments to ensure that the vessels tied had remained completely occluded. 
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When it was desire] to exclude the left middle lobe it was found to be tech- 
nically simpler to ligate the pulmonary veins from this lobe instead of the 
artery. This produced the same fractional occlusion of the pulmonary cir- 
culatory bed that arterial occlusion would have accomplished. The known 
differences between the effects of vein and artery ligation in the lung were 
not considered significant to the problem at hand. 

In order to estimate approximately how much of the total pulmonary 
vascular bed had been excluded from circulation by these ligations, the vol- 
ume of pulmonary tissue represented by the right lung and the various lobes 
of the left lung was determined in ten normal cats. The trachea was 
clamped and the thoracic contents removed en masse. The lungs were then 
dissected free and the bronchi to the right lung and to the left upper, middle 
and lower lobes ligated. The right lung and the various left lobes were then 
separately immersed in water, the water displacement measured, and the per- 
centage of the total lung volume calculated. The right lung varied between 
54 and 66 per cent of the total lung volume, averaging 59.3 per cent. The 
left upper lobe varied between 7 and g per cent, averaging 7.4 per cent; the 
left upper and middle lobes together between I1 and 16 per cent, averaging 
13.5 per cent; and the left lower lobe between 22 and 32 per cent, averag- 
ing 27.2 per cent. These averages were used in estimating the per cent of 
the pulmonary vascular bed excluded from the circulation by ligations of the 
branches of the pulmonary artery (Tables III and IV). 

Rresutts.—Group A: Table I shows the systemic arterial blood pressure 
and the percentage saturation of arterial blood with oxygen before and dur- 


TABLE | 


BLOOD PRESSURE AND SATURATION OF ARTERIAL BLOOD WITH OXYGEN BEFORE AND DURING 
COMPRESSION OF THE MAIN PULMONARY ARTERY 


Before Partial Occlu- During Partial Occlu- 
sion of the Pulmonary sion of the Pulmonary 
Artery Artery 
Ex- Saturation Occlusion Saturation 
peri- Weight Systemic of Arterial of Systemic of Arterial 
ment of Blood Blood with Pulmonary Blood Blood with 
No. Date Cat Pressure Oxygen Artery Pressure Oxygen 
Kg. Mm. Hg. Per Cent Per Cent Mm. Hg. Per Cent 
I O6ts§; 2564 125 go.2 undeter- 81 94.0 
1930 mined 
2 Oct. 22 2157 103 89.8 undeter- 80 92.8 
mined 
3 oti 27 3.00 140 94.0 undeter- 85 94.8 
mined 
4 Oct. 29 2.84 83 94.8 undeter- te: 95.8 
mined 
5 Cot. 31 2.85 126 O1.7 88 90 93.6 
6 Nov. 3 2.49 105 94.4 87 78 96.9 
7 Nov. 5 3.55 78 92.0 61 62 92.8 
8 Nov. 6 2.50 68 93.8 83 56 95.4 
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ing partial occlusion of the main pulmonary artery by the clamp. In Experi- 


ments 5 to &, inclusive, the occlusion of the artery produced by the clamp was 
estimated in percentage of the original cross-sectional area.” As_ previously 
shown, occlusion of approximately 60 per cent of the cross-sectional area of 
the artery produces a fall in systemic blood pressure. In all these experi- 
ments the pulmonary artery was compressed until a definite drop in blood 
pressure occurred. Without exception the saturation of arterial blood with 
oxygen increased slightly, from 0.8 to 3.8 per cent, when the pulmonary 
artery was compressed. 

In Table II the changes in respiratory minute volume, respiratory rate 
and tidal air with partial occlusion of the pulmonary artery are shown. When 
the occlusion was sufficient to produce a drop in blood pressure, there was 
an increase in the respiratory minute volume. The respiratory rate showed 
a variable change and the tidal air was consistently increased during com- 


pression of the pulmonary artery. 


TABLE II 


RESPIRATORY MINUTE VOLUME, RESPIRATORY RATE AND TIDAL AIR BEFORE AND DURING 
COMPRESSION OF THE MAIN PULMONARY ARTERY 


R rian ( 
> . sion : spit in P 
Experi- Weight 7 Systemic ex Respir- in . : 

. of atory Respir lida It 
ment Date of ° Blood atory Respir ae 
N Cc Pulmo- p Minute atory R Air Tida 
NO. at ressure “Ee ate atory 

F nary Volume Minute R Air 

Art Voh € a 
Pe Pe Per Pe Pe 
Kg Cent Mm.Hg. ( Cent Mi Cent Ce Ce 
9 Oct. 2-8 0 95 995 50 19.9 
aI, = 
1930 + 76 1,068 + 7 14 12 24.3 +22 
63 1,140 +15 15 —10 25.3 +27 
10 Feb. 3.18 oO 113 860 28 30.7 
24, 
(a) 1931 84 65 1,089 27 30 7 36.3 18 
Feb. 3.18 fs) 99 1,026 28 36.6 
(b) 24 
oI 98 1,026 oO 23 —TTS 44.0 t 22 
Feb. 3.18 Oo 08 819 19 $3.1 
(c) 24 
74 75 I, 235 57 20 5 64.2 t 49 


Group B: The changes in blood pressure and arterial oxygen saturation 
following ligation of branches of the pulmonary artery are shown in Table 
III. Up to 67 per cent occlusion of the pulmonary vascular bed there is no 
significant change in the blood pressure. In Experiment 18 with an occlu- 
sion of 73 per cent there was a definite rise in blood pressure. With 86 per 
cent occlusion, 7.e., with the pulmonary circulation confined to the left upper 
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and middle lobes, there was a definite lowering of the blood pressure in Ex- 


periment 14, and a rise followed by a drop in Experiment 16. 


TABLE III 


BLOOD PRESSURE AND SATURATION OF ARTERIAL BLOOD WITH OXYGEN AFTER PARTIAL 
OCCLUSION OF THE PULMONARY VASCULAR BED 


Occlusion Saturation 
ot ol 
Ex- Pulmo- Arterial 
peri- Date Weight Pulmonary Tissue nary Systemic Blood 
ment of Receiving Output Vascular Blood with 
No, Cat of Right Heart Bed Pressure Oxygen 
Kg. Per Cent Mm.Hg. Per Cent 
1] Dec. 8, Both lungs O 99 90.9 
1930 Right lung 40.7 96 87.3 
12 Dec. 10 2:92 Both lungs oO 86 
Left lung 59.3 g2 
13 Dec. 12 2.6 Both lungs oO SI 84.7 
Left lung 59.3 84 87.1 
14 Dec. 13 2.58 Right lung and left 
upper and middle lobes 27,2 120 
Left upper and 
middle lobes s0.5 95 
15 Dec. 19 §3.04 Right lung and left 
lower and middle lobes ae 96 g2.1 
Left lower and 
middle lobes 00.7 100 59.4 
16 Jan: §; eee Right lung and left 
1931 upper and middle lobes 272 136 87.9 
Left upper and 
middle lobes 50.5 1638-92 32.6 
17 Feb. 10 3.81 Right lung and 
left lower lobe 13.5 92.0 
Left lower lobe 72.8 86.3 
18 Feb. 12 4%5 Right lung and 
left lower lobe [3.5 ds9 
Left lower lobe Fe ae 0 123 
19 Feb. 18 5.05 Right lung and left 
upper and middle lobes 27.2 g1.6 
Left upper and 
middle lobes 80.5 24.7 


With one exception (No. 13), there was a definite drop in the arterial 
oxygen saturation following occlusion of 41 to 86 per cent of the pulmonary 
vascular bed. In I:xperiment 13 there was an abnormally low arterial oxy- 
gen saturation in the control period before ligating the right pulmonary 
artery. This was the only experiment in which an attempt was made to 
withdraw arterial blood from the left ventricle by direct puncture. The 
attempt was unsuccessful and immediately afterward an arterial sample with 
low oxygen saturation was obtained from a femoral artery. In two experi- 
ments (Nos. 16 and 19g) there was a profound drop in the saturation of 
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arterial blood with oxygen following 86.5 per cent occlusion of the pulmonary 
vascular bed. In Experiment 16 the animal was killed by accidental inhala- 
tion of water three and one-half minutes after confining the pulmonary cir- 
culation to the left upper and middle lobes and two minutes after the blood 
sample for oxygen determination had been withdrawn from the femoral 
artery. In Experiment 19 the animal was revived by the inhalation of oxy- 
gen following which the arterial oxygen saturation rose from 24.7 to 68.5 
per cent. In Experiment 14, with a similar occlusion of 86.5 per cent, the 
animal died six minutes after ligation of the right pulmonary artery. No 
samples of blood were withdrawn for analysis in this experiment. 

The respiratory minute volume, respiratory rate and tidal air with vary- 
ing degrees of occlusion of the pulmonary vascular tree are shown in Table 
IV. There was always an increase in respiratory minute volume; a variable 
change, generally an increase, in respiratory rate; and a consistent increase 
in tidal air. 


TABLE IV 


RESPIRATORY MINUTE VOLUME, RESPIRATORY RATE AND TIDAL AIR WITH PARTIAL OCCLUSION 
OF THE PULMONARY VASCULAR BED 


Occlu- Change 
Pulmonary _ sion of in Change 
Tissue Pulmo-  Respir-  Respir- in 
Experi- Receiving nary atory atory Respir- Respir- Change 
ment Weight Output of Vascular Minute Minute atory atory Tidal in Tidal 
No. Date of Cat Right Heart Bed Volume Volume Rate Rate Air Air 
Per Per Per Per Per 
Kg. Cent Ce. Cent Min. Cent Ce. Cent 
12 Dec. 10, 2.72 Both lungs oO 387 15.5 25.0 
1930 Left lung 59.3 577 +49 18.5 19 31.2 +20 
13 Dec. 12 2.6 Both lungs 0 466 30.5 15.3 
Left lung 59.3 487 5 30.0 - 2 16.2 6 
14 Dec. 13 2.58 Right lung 
and left 
upper and 
middle lobes 27.2 887 35-5 25.0 
Left upper 
and middle 
lobes 86.5 I, 333 +53 36.5 3 36.5 +46 
15 Dec. 19 3.04 Right lung 
and left 
lower and 
middle lobes 7.4 621 23.5 26.4 
Left lower 
and middle 
lobes 66.7 987 +59 31.0 +-32 31.8 +20 
16 Jan. 5, 5.11 Right lung 
1931 and left 
upper and 
middle lobes 27.2 1,529 23.5 65.0 
Left upper 
and middle 
lobes 86.5 3,448 +125 30.0 +28 IIt4.9 +77 
18 Feb. 12. 4.15 Right lung 
and left 
lower lobe 13.5 446 9:5 25.5 


Left lower 
lobe 72.8 833 +87 19.5 +11 42.7 +67 

















Volume 14 PULMONARY EMBOLISM 


Number 5 

Discussion.—The lowered blood pressure with varying degrees of occlu- 
sion of the pulmonary artery is shown in Table 1. An occlusion of approxi- 
mately 60 per cent produces a significant lowering of the systemic blood 
pressure. The lowered blood pressure is at least in part due to the diminished 
cardiac output resulting from constriction of the pulmonary artery. On 
the other hand, there is no lowering of the blood pressure with occlusion of 
up to 86 per cent of the peripheral pulmonary vascular bed, as can be seen 
in Table III. Indeed, in one instance (No. 18) there was a definite rise in 
pressure. The probable explanation for this difference lies in the fact that 
a small fraction of the pulmonary vascular bed can accommodate the entire 
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Cuart 1.—Graphic flustration of the difference in arterial oxygen 
saturation with occlusion of the pulmonary artery (A) and with occlusion 


of its lobar branches (B). The solid dots and the straight line (A) repre 
sent the percentage saturation of arterial blood with oxygen before and 
during partial occlusion of the pulmonary artery. The circles and the 


curved line (B) represent the percentage saturation of arterial blood with 

oxygen before and during partial occlusion of the pulmonary vascular bed. 
output of the right heart. There is already some evidence that an increased 
blood flow is associated with a lowering of resistance in the pulmonary 
vessels.!* 

The slight increase in the percentage saturation of arterial blood with 
oxygen observed with compression of the main pulmonary artery (Table I 
and Chart 1) may be due to a slower movement of blood throughout the 
whole pulmonary capillary tree, because of the diminished output of the right 
heart. A more complete saturation of the blood with oxygen would tend 
to result from the slower passage of blood through the pulmonary capillaries. 
On the other hand, when the output of the right heart is confined to the 
blood vessels of one lung, or a part of one lung, the opposite effect obtains 
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(Table III and Chart 1). A 40 to 75 per cent occlusion of the pulmonary 
vascular bed resulted, with one exception, in a slight but significance reduction 
in the saturation of arterial blood with oxygen. Eighty-five per cent occlu- 
sion produced marked lowering in the oxygen content, and proved fatal with- 
out the inhalation of oxygen in two instances. In the third instance the ani- 
mal was accidentally killed a few minutes after the occlusion was effected. 
The explanation offered by Binger* may well apply here. The pulmonary 
vessels are congested and the blood flow is rapid. This results in an im- 
paired diffusion of oxygen into the blood and a consequent lowering of the 
per cent saturation. 

No significant differences in the respiratory changes resulting from par- 
tial occlusion of the pulmonary artery and partial occlusion of the pulmonary 
vascular tree were observed in the few experiments performed. With com- 
pression of the pulmonary artery sufficient to cause a drop in blood pressure 
there was an increase in total pulmonary ventilation, a variable change in 
respiratory rate and a consistent increase in tidal air (Table II). That these 
changes are not due to a decrease in oxygen saturation of arterial blood is 
evident (Table 1). They might be due to the reduction in cardiac output® 
occasioning an accumulation of carbon dioxide or possibly a lack of oxygen 
in the respiratory center. .\ similar increase in total pulmonary ventilation 
and tidal air occurs with partial occlusion of the pulmonary vascular bed 
(Table IV). There is also generally an increase in the respiratory rate. 
These changes are due to the decreased oxygen saturation of arterial blood 
and can be prevented by oxygen inhalation.* This was illustrated in Experi- 
ment 19 (not included in Table IV) in which a rapidly developing respira- 
tory and circulatory failure following 86 per cent occlusion of the pulmonary 
vascular bed was overcome by administering oxygen. The percentage satura- 
tion of arterial blood which had fallen to 24.7 was raised to 68.5 per cent. 
Prior to the occlusion, the respiratory minute volume was 1,492 cc., the res- 
piratory rate 28 per minute, and the tidal air 53.3 cc. After the occlusion 
and with the administration of oxygen, the figures were 1,264, 30 and 41.8 
respectively. 

SuMMARY.—Occlusion of more than 60 per cent of the main pulmonary 
artery results in a reduction of cardiac output, a fall in systemic blood pres- 
sure, an elevation of venous pressure, a slight increase in the saturation of 
arterial blood with oxygen, an increase in total pulmonary ventilation and 
tidal air and a variable change in respiratory rate. 

With an occlusion of 40 to 73 per cent of the peripheral vascular bed 
of the lungs, the systemic blood pressure remains constant or is elevated, 
the saturation of arterial blood with oxygen is decreased and there is an in- 
crease in total pulmonary ventilation and tidal air with a variable change in 
the respiratory rate. 

When 86 per cent of the pulmonary vascular bed is occluded, there is a 
fall in systemic blood pressure and a profound decrease in the saturation of 
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arterial blood with oxygen resulting in death. Inhalation of oxygen increases 
the oxygen saturation of the blood and maintains life. 
These experimental findings aid in the interpretation of certain clinical 


observations in patients with pulmonary embolism. 


CONCLUSIONS 


These experimental observations point the way to a clearer understanding 
of the symptoms of pallor, cyanosis, air hunger, efc., which have been ob- 
served in patients with massive pulmonary embolism. The “synceopale” type 
observed by Rochet would correspond to an experimental occlusion of the 
main pulmonary artery. The “asphyxique” type corresponds to the experi- 
mental occlusion of the larger branches of the pulmonary artery. Irom the 
experimental evidence the following presumptions seem justified. » Where 
symptoms of pallor and lowered blood pressure predominate in a_ patient 
suffering with pulmonary embolism, the embolus produces the greatest de- 
gree of obstruction in the pulmonary artery at or above the point of bifurca- 
tion. Where cyanosis is a prominent feature and the lowering of the blood 
pressure is slight or absent, the embolus blocks at least one main branch of 
the pulmonary artery, and possibly some of the smaller branches of the 
other. More exact conclusions might be reached by determining the per- 
centage saturation of arterial blood with oxygen. Finally, oxygen inhalations 
may be a life saving measure where there is marked diminution in the pul- 
monary vascular bed, and hence should certainly be given in all cases with 
the slightest evidence of cyanosis. 

The respiratory changes occur in both types of obstruction and although 
perhaps more marked with occlusion of the peripheral vascular bed the dif- 
ference is not great enough to be significant. The increased depth of res- 
piration, however, remains an important diagnostic feature in all cases of 
massive pulmonary embolism. Elevation of the venous pressure regularly 
occurs with the obstruction of the main pulmonary artery.” On two occa- 
sions the venous pressure was measured in the peripheral type of obstruc- 
tion. In one instance there was an increase of 10 Mm. water pressure with 
86 per cent occlusion, and in the other no change was observed with 73 per 


cent occlusion. 
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PULMONARY EMBOLECTOMY 


Puitiep SHAMBAUGH, M.D. 


Cuicaco, Inu. 


FROM THE SURGICAL CLINIC OF THE PETER BENT BRIGHAM HOSPITAL, BOSTON, MASS 


NO SUCCESSFUL case of operative intervention in massive pulmonary em- 
bolism has been reported in this country, and but few unsuccessful attempts 
are recorded.! 234° The European surgeons who have had the most ex- 
perience with the Trendelenburg operation, some of them successful, have 
felt that the procedure should be niore widely practiced and have urged that 
even the unsuccessffil cases be reported in order that the diagnostic and tech- 
nical difficulties may be clarified.“ * ® With this in mind, it seems appro- 
priate to describe a recent unsuccessful embolectomy, particularly since this 
experience has demonstrated to us the feasibility of the procedure and has 
given us reason to hope that further efforts may prove successful. 

CASE REPORT 

A man, age 59, was convalescent following a suprapubic prostatectomy when, on 
the tenth postoperative day, he experienced a sudden attack of dyspnea with moderate 
cyanosis. This attack lasted only a few minutes and the patient was comfortable until 
24 hours later when, while eating supper, a second more severe seizure occurred. The 
patient was seen at 4:55 P.M. two or three minutes after the onset of symptoms. He 
was sitting up in bed with a slightly cyanotic pallor and was gasping for breath. His 
pulse was very rapid and weak. He was rushed to the operating room thrashing about 
so wildly that it seemed he would throw himself out of bed. Just as he was being 
wheeled into the amphitheater, however, he became motionless, respirations ceased, and 
the heart sounds could not be heard at the apex. The chest was quickly shaved and the 
operation was begun without anesthesia. The Trendelenburg armamentarium, which is 
kept constantly in readiness, provided sterile gown, gloves, and instruments. The patient 
at this time, about eight minutes from the onset of symptoms, was clinically dead. 

The second, third and fourth costal cartilages were resected through a straight in- 
cision along the left border of the sternum, and the outer third of the sternum was 
removed with large rongeurs. There was no bleeding. The pericardium was opened 
with some difficulty because of the enormously distended right ventricle bulging up 
beneath. The heart was motionless. The Trendelenburg sound was passed behind the 


aorta and pulmonary artery, the rubber tourniquet was drawn into place and the pul- 


monary artery was opened just distal to the valve by a longitudinal incision 2 cm. in 
length. <A firm clot 30 cm. long and 2 cm. wide at the center, tapering at either end, 


was removed from the right branch. No clot was found in the left branch. The incision 
in the artery was closed with the Trendelenburg clip and the vessels allowed to drop back 
into place. About five minutes had elapsed since the cessation of respiration. The heart 
was massaged manually for a few moments without result. Five cc. of adrenalin were 
injected into the heart and further massage resulted in a faint irregular pulsation which 
gradually increased in amplitude, becoming a regular full beat. During this period the 
heart was irrigated with warm saline solution and artificial respiration was carried on 
through a metal airway. A small rent which had been torn in the pleura was plugged 
with moist cotton. After about ten minutes, spontaneous respiration was resumed which 


became regular and deep. The patient’s color returned to normal, he began to perspire 
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and there were slight movements of the extremities. He remained in this favorable 
condition for some 30 minutes, when, just as preparations were being made to suture the 
artery, the clip slipped off, apparently due to the vigorous motion of the heart. It was 
replaced with some difficulty in the bloody field by reapplying traction on the tourniquet. 
On release the heart dilated rapidly and stopped beating, assuming the appearance it had 
shown on opening the pericardium. Inspection showed that the clip had been placed so 
as to almost occlude the artery. This was readjusted but measures to restore the heart 


action were now without avail. Permission for autopsy was not obtained 


The Trendelenburg operation has been undertaken at the Peter Bent 
Brigham Hospital four times during the past three vears. During this pe- 
riod the diagnosis of massive pulmonary embolism has been made in 12 
patients, all of whom died. In several of these cases an autopsy was not 
made, but the clinical picture was quite typical. In three of the four operated 
cases the diagnosis was confirmed at operation. In the fourth case no clot 
was recovered so the diagnosis may have been in error, but as no autopsy was 
made, this could not be established. In six cases death had occurred by 
the time the House Officer had reached the bedside. The patient described 
above died eight minutes after the onset of symptoms, and was revived 
temporarily by embolectomy. Two patients survived the embolism by 15 
minutes but operation was not attempted. Two patients survived for 20 
minutes. Both of these were subjected to embolectomy, by Dr. R. Zollinger 
and by Dr. E. C. Cutler, the first just after death, and the second just before 
death. In neither of them could the heart action be restored after extraction 
of the clots. In the second case the aorta was opened by mistake and had to 
be sutured before proceeding with the embolectomy. 

In the fourth case, operated upon by Dr. FE. C. Cutler, the pulmonary 
artery was explored just after death but no clot could be found. Although 
autopsy was refused, it seems possible that there was a friable embolus which 
had been scattered into the smaller branches of the pulmonary artery out 
of reach of the forceps or suction. The clinical circumstances were typical 
of pulmonary embolism. 

CASE REPORT 

A young robust woman of 34 had, 18 months previously, suffered a very definite 
though non-fatal pulmonary embolism following the excision of postphlebitic ulcers of the 
legs. The ulcers had recurred and a second excision and grafting had been performed 
Three weeks later a superficial phlebitis of the left thigh appeared and, at about the 
same time, a pleuritic pain in the left chest. Four days later there was a sudden attack 
of severe dyspnea and cyanosis followed shortly by pallor and loss of consciousness. She 
was seen within a few minutes by the House Officer who noted that the neck veins were 
distended. Five minutes later, when the operation was begun, respiration and heart action 
had ceased. 

The difficulty of avoiding injury to the pleura has been stressed by all 
of the surgeons who have attempted embolectomy. The operative approach 
described by Meyer,'® minimizes this hazard. An opening in the pleura, 
however, does not necessarily mean failure for a small defect can be effec- 
tively controlled with moist cotton. Nystrom® injured the pleura in six cases, 


824 























EMBOLECTOMY 


Volume 104 
Number 5 


PULMONARY 





including his three operative recoveries, out of a total of ten reported opera- 
tions. The pleura was likewise injured in the patients, reported by Wester- 
born’ and by Petterson,” who survived operation by 16 and 3 hours, respec- 
tively. The possibility of mistaking the aorta for the pulmonary artery must 
be kept in mind, especially in the exceptional instance where the right ven- 
tricle and pulmonary artery are not dilated. This error was made in the 
first case of Nystrom’s series and was likewise made in one of our cases. 
Both of these errors could have been prevented by sufficient practice on the 
cadaver. A third technical error was demonstrated in the case described 
in this paper. The clip was allowed to remain in place long enough to be 
gradually worked loose by the vigorous heart beat. It would seem wiser 
to have proceeded with the arterial suture as soon as the heart action had 
been restored. 

Much has been written about the clinical diagnosis of massive pulmonary 
embolism. We have been impressed by the fact that the clinical diagnosis 
is only rarely mistaken. It must be admitted, however, that errors in diag- 
nosis may occur and this fact added to the consideration that an occasional 
case of massive pulmonary embolism recovers spontaneously leads one to the 
conclusion that operative intervention should be undertaken only when the 
patient is moribund. 

There has been some difference of opinion as to whether the operation 
should be undertaken only by senior surgeons or whether it should be en- 
trusted to a member of the resident hospital staff. In order to determine 
the operative possibilities in this regard a survey was made of all the proven 
cases of death from massive pulmonary embolism in the Peter Bent Brigham 
Hospital during the past 23 years. There were 92 cases in all. In 33 opera- 
tion would have been out of the question because the patient was found 


dead or else died shortly after the initial symptoms (Table 1). 


TABLE | 
Fe rund dead in be 1 5 cases 
Died immediately during attack g cases 
Lived five minutes or less after onset 19 cases 


In 36 cases the patient survived for ten minutes to one hour (Table IT). 


TABLE II 
Survived after onset for 10 minutes 8 cases 
Survived after onset for 15 minutes 8 cases 
Survived after onset for 20 minutes II cases 
Survived after onset for 30 minutes 3 cases 
Survived after onset for 45 minutes 5 cases 
Survived after onset for 60 minutes I case 


In this group it is reasonable to assume that successful surgical intervention 
would have to have been undertaken by someone in the hospital at the time 
of the accident. In only 12 of these cases, however, did this occur between 
the hours of g A.M. and 5 p.M., when a senior surgeon would have been 


available. 
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In 15 cases there was a survival period of one to 12 hours (Table IIT). 


TABLE III 
Survived after onset for 1 hour and 15 minutes.. 3 cases 
Survived after onset for 1 hour and 30 minutes.. 3 cases 
Survived after onset for 2 hours........ . 4 cases 
Survived after onset for 4 hours 2 cases 
Survived after onset for 8 hours . 2 cases 
Survived after onset for 12 hours I case 


In the group which comprise Table III there would have been sufficient 
time to call the senior surgeon. In general, however, these patients are not 
in the most favorable condition for operation, as the heart is likely to be 
come too exhausted to be revived, or, as Churchill* has pointed out, a state 
of peripheral circulatory collapse may develop which probably would make 
recovery impossible. Moreover, secondary thromboses may occur within 
the pulmonary arborization. 

In the final group of eight cases, the survival period was from one to 
five days. Here the likelihood of extensive thrombosis is so great that suc- 
cessful surgical intervention would seem out of the question. 

CONCLUSIONS 

The operation of pulmonary embolectomy must be undertaken by a mem 
ber of the resident staff, if the procedure is to be ventured in the majority 
of the favorable cases. 

It is believed that the clinical picture in these fatal cases is sufficiently 
clear cut that mistakes in diagnosis will be very few and that where the 
diagnosis is in error little harm can accrue since the patients are obviously 
moribund. 
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ACUTE PERFORATION OF GASTROJEJUNAL ULCER * 
REPORT OF TEN NEW CASES AND A REVIEW OF NINETY-THREE 
COLLECTED CASES 
CLARENCE G. ToLanp, M D., ann Haroitp Lincotn Tuoompson, M.D. 
Los ANGELES, CaLir. 
FROM THE DEPARTMENT OF SURGERY, UNIVERSITY OF SOUTHERN CALIFORNIA MEDICAL SCHOOL, LOS ANGELES, CALIF. 

THE term gastrojejunal ulcer is used in this paper to include all sec- 
ondary ulcers situated at or adjacent to anastomoses between the stomach 
and jejunum irrespective of their gastric, marginal or jejunal location. The 
qualifying term acute perforation sometimes is used loosely in the literature 
to include subacute ‘perforation, gastrojejunocolic fistula or fistula through 
the abdominal wall. It is restricted here to the use ordinarily made of it 
in this country with reference to perforation of peptic ulcer which corre- 
sponds to the German expression acute perforation into the free peritoneal 
cavity. Whereas ulcers which occur in the region of gastrojejunal anas- 
tomoses seem to possess the etiologic and pathologic features of primary 
peptic ulcer, they are to be distinguished from the latter by virtue of their 
occurrence in a small but definite proportion of cases as a sequel to surgical 
anastomosis. Synonyms include anastomotic ulcer, marginal ulcer, secondary 
jejunal ulcer, ulcus pepticum jejuni and peptic jejunal ulcer. Gastrojejunal 
ulcer is to be differentiated also from the rarely occurring primary jejunal 
ulcer. 

Eighteen years after Woelfler®? (1881) performed the first successful 
gastrojejunostomy, Braun® (1899) reported the first case of gastrojejunal 
ulcer. A point of interest here is that the first case of gastrojejunal ulcer 
to be reported was one in which acute perforation took place. Goepel?® re- 
ported the first successful suture of acute perforation of gastrojejunal ulcer 
in 1902. In one of the earliest comprehensive papers on the subject, Pater- 
son,®* in 1909, originated the term gastrojejunal ulcer. At that time, ten 
years after the first case was reported, he stated that there were 52 authenti- 
cated cases of gastrojejunal ulcer on record. 

Etriococy.—I/ncidence.—Because it is known that many of the observed 
cases have not been reported, it is readily admitted by those who 
have written on this topic, that it is not possible to determine the frequency 
of occurrence of gastrojejunal ulcer. There are numerous casual references 
in the literature to cases of acute perforation of gastrojejunal ulcer. It 1s 
doubly difficult, therefore, if not impossible, to determine the incidence of 
this complication of gastrojejunal ulcer. Published estimates of the occur- 
rence of gastrojejunal ulcer vary from 1.4 (Walton®) to 34 (Lewisohn’?) 
per cent. In 129 cases of gastrojejunal ulcer collected by Lieblein,®* there 
were 30 cases of acute perforation, or an incidence of 23 per cent. If we 


estimates that 1,000 cases of 


g 


accept Sokolov’s*? and Lahey and Jordan’s* 
* Read by title before the American Surgical Association, Chicago, Ill., May 7, 1036. 
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gastrojejunal ulcer have been reported in the world literature, our search of 
the literature, which yielded 93 more or less complete case reports, would 
indicate an incidence of acute perforation in gastrojejunal ulcer of less than 
I per cent. Singer and Meyer! point out that there is a relatively large 
group of unrecognized cases of free perforation which, if added to the 
known cases, would increase the percentage of incidence materially. 

Contributory Etiologic Factors—Until the problem of the etiology of 
primary peptic ulcer is solved, it is not likely that the cause of secondary 
gastrojejunal ulcer will be found. Some of the factors contributory to the 
production of gastrojejunal ulcer, which seem to have a bearing on acute 
perforation, will be briefly reviewed. 

Despite our lack of knowledge regarding the direct or ultimate cause of 
gastrojejunal ulcer, two very important facts stand out. One is the peculiar 
susceptibility of the jejunum (the tissue susceptibility factor of Ochsner and 
his co-workers™) to the influence of gastric juice. The other is the marked 
tendency of gastrojejunal ulcer to penetrate or perforate. The latter is at- 
tested to by the high frequency of subacute perforation of gastrojejunal 
ulcer and by the frequent occurrence of gastrojejunocolic fistula. 

Many of the factors which seem to contribute to the incidence of uncom- 
plicated gastrojejunal ulcer also appear to contribute to the frequency of 
complicating acute perforation of gastrojejunal ulcer. Factors on the part of 
the patient are constitutional predisposition (Ochsner, et al.®*), early age, 
male sex, high concentration of free hydrochloric acid, coexisting infection, 
and failure to follow postoperative medical management. Technical con- 
siderations which should be avoided by the surgeon are anterior gastro- 
jejunostomy, artificial occlusion of the pylorus (von Eiselsberg pyloric ex- 
clusion), entero-anastomosis (Braun's or Roux’s en Y ), the use of the Murphy 
button and non-absorbable sutures. Gastrojejunal ulcer and in turn acute 
perforation has been reported but it is rare following resection of the stom- 
ach for malignant disease. It appears, therefore, that the same factors which 
contribute to the production of benign peptic ulcer seem to be operative in 
the formation of secondary ulcer. 

The most common site of gastrojejunal ulcer is in the efferent limb of 
the jejunum. 

PatHoLtoGcy.—The pathogenesis of acute perforation of gastrojejunal 
ulcer is apparently the same as that of acute perforation of primary peptic 
ulcer except that the jejunal mucosa is more susceptible than that of the 
stomach or duodenum to the proteolytic effects of gastric juice. 

The essential gross and microscopic pathology is the same as that of pri- 
mary peptic ulcer. The ulcer which perforates acutely usually is single but 
may be multiple. Except in gastrojejunocolic fistula, the tendency to heal 
is less common than in gastric or duodenal ulcer. There is a marked tend- 
ency toward recurrence manifest in some perforating gastrojejunal ulcers. 
An outstanding feature, and the one which chiefly concerns us here, is this 


tendency to penetrate and involve other tissues. Based on this characteristic, 
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gastrojejunal ulcers may be divided into three groups: (1) Non-penetrating 
ulcer which, while it may erode a blood vessel or obstruct the stoma of the 
anastomosis, does not extend beyond the wall of the stomach or jejunum. 
(2) Chronic penetrating ulcer, which may form an indurated mass involving 
the transverse mesocolon, the colon, the omentum or the anterior abdominal 
wall with or without abscess formation, or which may penetrate into the 
colon or through the abdominal wall with fistula formation. (3) Acute 
perforating ulcer, which allows the escape of gastric or jejunal content into 
the free peritoneal cavity. This tendency to acute perforation of ulcer is so 
marked in some patients that in one group acute perforation of gastric or 
duodenal ulcer is found to have preceded the performance of gastrojejunos- 
tomy whereas in a second group multiple successive perforations of gastro- 
jejunal ulcer have taken place. 

SYMPTOMS AND DIAGNOsIS.—Acute perforation of gastrojejunal ulcer 
may or may not be preceded by suggestive prodromal symptoms. When 
premonitory symptoms are present, they usually consist of recurring dys- 
pepsia appearing from a few days to as long as 25 years after operation. 
The dyspepsia often is refractory to the usual alkali and dietary manage- 
ment. In gastrojejunal ulcer the pain is usually on the left of the midline 
and at or below the level of the umbilicus. 

In acute perforation of gastrojejunal ulcer as in peptic ulcer the pain is 
usually sudden and severe. The subjective symptoms are so characteristic 
that in several recorded instances patients who have experienced previous 
perforations have made their own diagnosis. On examination, the greatest 
tenderness and rigidity may be in the left lower quadrant of the abdomen 
because the fluid which escapes through the perforation passes downward 
on the left of the vertebral column. The late symptoms and signs are those 
of perforative peritonitis. 

In those patients in whom the evidence points to acute perforative peri- 
tonitis, the diagnosis of acute perforation of gastrojejunal ulcer is made 
chiefly on the history of the patient’s having had a gastrojejunostomy per- 
formed. The most difficult but least important condition to be differentiated 
is perforation of recurrent gastric or duodenal ulcer, the primary and con- 
firmatory signs of which, as recently shown by one of us (H.L.T."'), are 
characteristic in definite proportions of cases. In these latter conditions the 
recurrent symptoms more nearly simulate the original ulcer distress. 

ProGNosis.—The prognosis in acute perforation of gastrojejunal ulcer, 
treated or untreated, is grave. Most of the untreated cases are fatal. 
Wright!"? reported a mortality of 23 per cent in cases treated by simple 
suture with 10.4 per cent of good results and 31 per cent of which required 
further operation. 

TREATMENT.—The prophylactic treatment of acute perforation of gastro- 
jejunal ulcer begins with the treatment of gastric or duodenal ulcer, the 
principles of which are well known. Most students of gastrojejunal ulcer 
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are agreed that gastrojejunostomy should be restricted to cases in which 
pyloric obstruction is present and in which the acid values are low. 

Except in late cases wherein progressive peritonitis has supervened, the 
active treatment of acute perforation of gastrojejunal ulcer is surgical. In 
late diffuse peritonitis the injudicious application of surgery may be not 
only harmful but fatal. With respect to treatment in early cases, it may 
be said that there are two schools of thought. The adherents to one school 


maintain that simple suture is safest and therefore sufficient for the primary 


operation and can be followed by medical management and by radical surgery 
later if required. The members of the second school believe that in selected 
cases curative measures are warranted. If the duodenal ulcer is healed and 
the pylorus is patent, the gastrojejunostomy may be taken down and normal 
continuity restored. If active peptic ulcer is present, pyloroplasty, gastro 
duodenostomy to the first or second portion of the duodenum or Polya or 
Billroth partial gastrectomy may be employed. 

It is hardly necessary to emphasize that adequate medical management, 
including elimination of infection, should be employed postoperatively when 
either primary or secondary ulcer is present. 


REVIEW OF CASES REPORTED IN THE LITERATURE 


Our review of the literature disclosed four interesting facts. The first 
is that relatively few exhaustive studies of this subject have been made. 
The most notable ones in English are those made by Paterson,®* Massie,°® 
and Singer and Meyer.*! 
ticated case reports of acute perforation of gastrojejunal ulcer could be 
found. Singer and Meyer‘! state that the publication of Steden’s*® article 
in 1931 brought the total number of cases reported in the German literature 


The second interesting fact is that only 93 authen- 


to 20. In the general literature on gastrojejunal ulcer there are a number 
of casual references to cases of acute perforation into the free peritoneal 
cavity. Except from the standpoint of numbers these cases have little sig- 
nificance because they cannot in any way be considered as case reports useful 
for study. For example, Wright'®? mentioned that 51 cases had been re- 
ported to him by the Fellows of the Association of Surgeons. Sokolov™* 
made a similar collection of 12 cases from among Russian surgeons. Hurst 
and Stewart*? referred to eight cases and Graham and Lewis*® to one case. 
The third interesting fact is that a number of cases reported as acute in 
reality have been subacute peforations or perforations into the colon or 
through the anterior abdominal wall. Singer and Meyer‘! credit Fromme,”* 
Florcken and Steden,?” McKelvey,®® Recht™ and Urrutia®* with a total of 
ten cases whereas we accept only four of them as cases of acute perforation 
into the free peritoneal cavity. Moreover, personal communications indicate 
that through error Lewisohn*! ®* mentioned one case and that Storey®* °° 
included a case of subacute perforation and a case of primary perforation 
of the jejunum in his incidental report of five cases of acute perforation of 
gastrojejunal ulcer. The fourth point of interest is that there is a good 
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deal of confusion regarding certain cases. As an illustration, Mikulicz is 
credited as having reported five cases. As early as 1909, Paterson®* ® classi- 
fied three of these as doubtful and our study of the literature has disclosed 
that neither of the other two is a typical acute perforation of secondary 
ulceration at the gastrojejunal anastomosis. In 18g9 and 1900, Kausch** 
reported from Mikulicz clinic a case of chronic perforating gastrojejunal 
ulcer which ultimately penetrated the anterior abdominal wall. In the Hand- 
book of Surgery in 1903, Mikulicz and Kausch®® made a parenthetic ref- 
erence to a case wherein perforation of an acute gastrojejunal ulcer oc- 
curred in an infant soon after operation for hypertrophic stenosis of the 
pyloris. Freund,** in 1903, reported the same case from the standpoint of 
hypertrophic stenosis without reference to the gastrojejunal ulcer. Mi- 
kuliez,°” also in 1903, reported briefly the same case to the American Surgi- 
cal Association. Such instances of multiple reports of the same case have 
served to confuse rather than clarify the situation. In view of the foregoing 
facts and the fact that authenticated cases of acute perforation of gastro- 
jejunal ulcer now number over 100, it seemed promising to combine these 
cases for a comprehensive study of a problem which is clinically distinct 
from that presented by primary peptic ulcer in any of its complicated forms 
or by gastrojejunal ulcer in any of the other forms in which it is seen to 
exist. 

This study is made on a total of 103 cases, 93 of which were collected 
from the original case reports in the literature. It is our privilege to add ten 
new cases which are reported here for the first time. The latter group is com- 
posed of five cases of our own and five which were generously contributed 
to this study. For two of the latter we are indebted to Hinton** and for 
three to Storey®® (Table VI). 

AGE AND SEx.—Among the 92 cases in which the age was recorded there 
were cases in every decade of life from the first through the seventh. The 
single case in the first decade was in a child of five months. In the seventh 
decade there were two cases. Thirty-six per cent of the cases occurred in 
the fourth decade and 49 per cent in the third and fifth decades combined. 
\mong the 99 cases in which the sex was recorded, 90 per cent occurred in 
males. Acute perforation of peptic ulcer therefore is predominantly a dis- 
ease of the male sex and of the ages from 21 to 50. 

PRIMARY PAaTHOLOGy.—The primary pathologic condition for which 
gastrojejunostomy was performed was recorded in 89 cases (Table I). Duo- 
denal ulcer was present in 43 per cent, gastric ulcer in 30 per cent. Pyloric 
stenosis was recorded as the primary pathology is 20 per cent of the cases. 
Carcinoma of the stomach, gastroptosis, gastric erosions, congenital hyper- 
trophic stenosis of the pylorus, gastric and duodenal perforations and “no 


pathology found,” each were reported in one case. It is probable that peptic 


ulcer was present as the cause of stenosis in many of the cases in the pyloric 
stenosis group. 
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are agreed that gastrojejunostomy should be restricted to cases in whicl 
pyloric obstruction is present and in which the acid values are low. 

Except in late cases wherein progressive peritonitis has supervened, th: 
active treatment of acute perforation of gastrojejunal ulcer is surgical. I; 
late diffuse peritonitis the injudicious application of surgery may be not 


only harmful but fatal. With respect to treatment in early cases, it may 


be said that there are two schools of thought. The adherents to one schoo! 
maintain that simple suture is safest and therefore sufficient for the primary 
operation and can be followed by medical management and by radical surgery 
later if required. The members of the second school believe that in selected 
cases curative measures are warranted. If the duodenal ulcer is healed and 
the pylorus is patent, the gastrojejunostomy may be taken down and normal 
continuity restored. If active peptic ulcer is present, pyloroplasty, gastro 
duodenostomy to the first or second portion of the duodenum or Polya or 
Billroth partial gastrectomy may be employed. 

It is hardly necessary to emphasize that adequate medical management, 
including elimination of infection, should be employed postoperatively when 
either primary or secondary ulcer is present. 


REVIEW OF CASES REPORTED IN THE LITERATURE 


Our review of the literature disclosed four interesting facts. The first 
is that relatively few exhaustive studies of this subject have been made. 
The most notable ones in English are those made by Paterson,®* Massie,°° 
and Singer and Meyer.*! The second interesting fact is that only 93 authen- 
ticated case reports of acute perforation of gastrojejunal ulcer could be 
found. Singer and Meyer*? state that the publication of Steden’s** article 
in 1931 brought the total number of cases reported in the German literature 
to 20. In the general literature on gastrojejunal ulcer there are a number 
of casual references to cases of acute perforation into the free peritoneal 
cavity. Except from the standpoint of numbers these cases have little sig- 
nificance because they cannot in any way be considered as case reports useful 
for study. For example, Wright'®? mentioned that 51 cases had been re- 
ported to him by the Fellows of the Association of Surgeons. Sokolov™ 
made a similar collection of 12 cases from among Russian surgeons. Hurst 
and Stewart*? referred to eight cases and Graham and Lewis*® to one case. 
The third interesting fact is that a number of cases reported as acute in 
reality have been subacute peforations or perforations into the colon or 
through the anterior abdominal wall. Singer and Meyer*! credit Fromme,”! 
Florcken and Steden,?? McKelvey,®* Recht" and Urrutia®* with a total of 
ten cases whereas we accept only four of them as cases of acute perforation 
into the free peritoneal cavity. Moreover, personal communications indicate 
that through error Lewisohn*! 5? mentioned one case and that Storey*® *° 
included a case of subacute perforation and a case of primary perforation 
of the jejunum in his incidental report of five cases of acute perforation of 
gastrojejunal ulcer. The fourth point of interest is that there is a good 
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deal of confusion regarding certain cases. As an illustration, Mikulicz is 
credited as having reported five cases. As early as 1909, Paterson®*: °° classi- 
fied three of these as doubtful and our study of the literature has disclosed 
that neither of the other two is a typical acute perforation of secondary 
ulceration at the gastrojejunal anastomosis. In 1899 and 1900, Kausch** 
reported from Mikulicz clinic a case of chronic perforating gastrojejunal 
ulcer which ultimately penetrated the anterior abdominal wall. In the Hand- 
hook of Surgery in 1903, Mikulicz and Kausch® made a parenthetic ref- 
erence to a case wherein perforation of an acute gastrojejunal ulcer oc- 
curred in an infant soon after operation for hypertrophic stenosis of the 
pyloris. Freund,** in 1903, reported the same case from the standpoint of 
hypertrophic stenosis without reference to the gastrojejunal ulcer. Mi- 
kuliez,°? also in 1903, reported briefly the same case to the American Surgi- 
cal Association. Such instances of multiple reports of the same case have 
served to confuse rather than clarify the situation. In view of the foregoing 
facts and the fact that authenticated cases of acute perforation of gastro- 
jejunal ulcer now number over 100, it seemed promising to combine these 
cases for a comprehensive study of a problem which is clinically distinct 
from that presented by primary peptic ulcer in any of its complicated forms 
or by gastrojejunal ulcer in any of the other forms in which it is seen to 
exist. 

This study is made on a total of 103 cases, 93 of which were collected 
from the original case reports in the literature. It 1s our privilege to add ten 
new cases which are reported here for the first time. The latter group is com- 
posed of five cases of our own and five which were generously contributed 
to this study. For two of the latter we are indebted to Hinton** and for 
three to Storey®® (Table VI). 

AGE AND SEx.—Among the 92 cases in which the age was recorded there 
were cases in every decade of life from the first through the seventh. The 
single case in the first decade was in a child of five months. In the seventh 
decade there were two cases. Thirty-six per cent of the cases occurred in 
the fourth decade and 49 per cent in the third and fifth decades combined. 
Among the 99 cases in which the sex was recorded, 90 per cent occurred in 
males. Acute perforation of peptic ulcer therefore is predominantly a dis- 
ease of the male sex and of the ages from 21 to 50. 

Primary PatHoLtoGy.—The primary pathologic condition for which 
gastrojejunostomy was performed was recorded in 89 cases (Table I). Duo- 
denal ulcer was present in 43 per cent, gastric ulcer in 30 per cent. Pyloric 
stenosis was recorded as the primary pathology is 20 per cent of the cases. 
Carcinoma of the stomach, gastroptosis, gastric erosions, congenital hyper- 
trophic stenosis of the pylorus, gastric and duodenal perforations and “no 


pathology found,” each were reported in one case. It is probable that peptic 


ulcer was present as the cause of stenosis in many of the cases in the pyloric 


stenosis group. 
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TABLE | 
PRIMARY PATHOLOGY 
Number 
Duodenal ulcer 38 
Gastric ulcer. 27 
Pyloric stenosis 18 
Carcinoma of stomach.... soars I 
Gastroptosis....... I 
Gastric erosions I 
Congenital hypertrophic stenosis of pylorus I 
Gastric and duodenal perforations I 
No pathology found.... ve I 
Totals 89 
COMPLICATIONS OF PRIMARY PATHOLOGY 
Number 
Acute perforation of peptic ulcer . “ig 
Peptic ulcer with obstruction. . 20 
Peptic ulcer with hemorrhage 11 
Peptic ulcer with chronic perforation of pancreas... . "4 
Totals 57 
TABLE I—Showing the uncomplicated and complicated primary pathologic conditions 
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for which gastrojejunostomy was performed, to be followed later by acute perforation of 
a gastroiejunal ulcer. Peptic (gastric and duodenal) ulcer constituted the primary pathology 


in 72.9 per cent of cases. Acute perforation was the most common complication of pepti: 


ulcer to be followed by acute perforation of gastrojejunal ulcer. 


One of the four common complications of peptic ulcer 


was present in 63 


per cent of the 89 cases in which primary pathology was recorded (Table 1). 


Acute perforation of peptic ulcer was present in 27 per 


cent, peptic ulcer 


with obstruction in 22 per cent, hemorrhage in 12 per cent, and chronic per- 


foration into the pancreas in 2 per cent of cases. 


It should be noted that 


the most common complication of primary peptic ulcer was acute perfora- 


tion. 
mon complication. 


Obustruction (exclusive of pyloric stenosis) was the next most com- 


ORIGINAL OPERATION.—The form of the original operation was recorded 


in all of the 103 cases (Table II). 


Among these gastrojejunostomy was 


used in g2 cases, the posterior form in 45 and the anterior in 40 cases. 


Pyloric resection was utilized in 11 cases with the 
types each having been applied in four instances. 


sillroth Il and Polya 
Operative procedures 


used in combination with the above in 24 cases were entero-anastomoses, 
which were used in 16 cases, and pyloric exclusion utilized in five cases, 
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xcision of ulcer and the Roux en Y operation which were used in one and two 
cases respectively. In making the anastomoses non-absorbable sutures were 


employed in eight and the Murphy button in four cases. 


TABLE II 


ORIGINAL OPERATION 


Cases 
Gastrojejunostomy 
Posterior. . ~ 
Anterior. .. 40 
Type not stated... ; 7 
Total. . ; ee . g2 
Pyloric resection 
Billroth II — 4 
POIAy . i: . 4 
Hofmeister. . I 
Type not stated. ; 2 
Total. ; aa II 
Combinations with the above 
Entero-anastomosis. .. siiwce, ee 
Pyl ric exclusion art . oes 5 
Rouxen Y . Fis Come 2 
Excision of ulcer... Sina I 
Ea yd alan doo Mas od aa wleratnlae aid 24 
Method of making anastomosis 
Non-absorbable suture wees : Pe] 
Murphy button.... ke 4 


TABLE II. Showing the types of original operation which were followed by gastro- 
jejunal ulcer complicated by acute perforation. Gastrojejunostomy was employed in 92 
cases and pyloric resection in II cases. Other operative procedures combined with these 
were used in 24 cases. In making the anastomoses non-absorbable sutures were used in 
eight cases and the Murphy button in four cases. 


Interval between Gastrojejunostomy and Acute Perforation The inter- 
vals between the performance of gastrojejunostomy and the occurrence of 
acute perforation of gastrojejunal ulcer were recorded in 101 cases. The 
shortest interval during which acute perforation occurred was five days and 
the longest 18 years. In 13 cases (13 per cent) perforation occurred within 
three months after operation. In 59 cases (58 per cent) it occurred within 
two years and in 85 cases (84 per cent) within five years. In only 16 cases 
(16 per cent) did perforation occur as late as from five to 18 years. 
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Pathology of Acute Perforation of Gastrojejunal Ulcer.—In the mat 
rial collected for this study there are 120 acute perforations recorded in th 
103 cases. Numerically, therefore, the perforations fall into two groups, 
one group representing multiple and the other single perforations. 

Multiple Perforations—The multiple perforations, likewise, fall into two 
groups. One subgroup consists of multiple simultaneous perforations and 
the other of multiple successive perforations (Table II]). In three cases 
multiple (two) perforations were found to exist simultaneously at operation 
or autopsy. In one case the site of the perforations was not stated but in 
each of the other two cases the perforations were situated at the anastomosis 
and in the jejunum. 


TABLE III 
MULTIPLE ACUTE PERFORATIONS 


Multiple (2) Simultaneous Perforations 


Author Cases Site 


. Not stated 
Massie...... aoe Anastomosis and efferent limb 


Charbonnel and Leuret Anastomosis and jejunum 


CC 7) eee ee 


Multiple Successive Perforations 
Site 
——- Total 
Author Cases Peptic Ulcer Gastrojejunal Ulcer Acute 
(Gastric or duodenal) Pertforations 


Battle 
Maylard.. 
Henry... .... 


Neu” ws 


ty 


Nixon and Lowry...... 
Woodside 

Dineen 

Hinton and Church.... 
Schilling 


tO Ww 


1 |) 


ty 


26 30 


“ 


TABLE III.—Tabulates the three cases of multiple simultaneous and 11 cases of 
multiple, successive, acute perforations of gastrojejunal ulcer. 


In 11 cases multiple (from two to five) perforations were found to have 
occurred at different times. In four of these cases acute perforation of 
peptic (gastric or duodenal) ulcer preceded acute perforation of gastro- 
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jejunal ulcer. In this group of I1 cases acute perforation of gastrojejunal 


ulcer occurred twice in eight cases, three times in two cases, and four times 
in one case. There were four acute perforations of peptic ulcer which, 
combined with 26 acute perforations of gastrojejunal ulcer, comprise a total 
of 30 acute perforations of ulcer in the I1 patients. Acute perforation of 
peptic ulcer followed by single perforation of gastrojejunal ulcer has been 
discussed under primary pathology. 

Single Perforations—Single perforation of gastrojejunal ulcer occurred 
in 89 cases. The important pathologic features in these cases are included in 
the following section. 

Site of Perforation—lIn the 120-acute perforations of gastrojejunal ulcer 
in this study the site-was recorded in 96 instances (Table IV). The perfo- 
ration was in the stomach three times, at the anastomosis in 19 instances, 
and in the jejunum 74 times. Jeunal perforation occurred in the afferent 
limb ten times, opposite the anastomosis 19 times and in the efferent limb 


45 times. 


TABLE IV 
SITE OF PERFORATION 


Cases 


Number Per C 


Stomach. 

At anastomosis 

Jejunum 
Afferent limb 
Opposite anastomosis 
Efferent limb 


Totals... <. 


ASSOCIATED PATHOLOGY 


Hemorrhage........ 
Gastrojejunocolic 
Gastric ulcer 
aN: 
Obstruction 
At anastomosis 
At pyloris: ...... 


Total 
TABLE I1V.—Showing the site of perforation of and the pathology associated with 
acute perforation of gastrojejunal ulcer. 
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Primary Operation 


Operation 


Not performed 


Suture 
Simple suture. 
With excision of ulcer... 


With entero-anastomosis 
With jejunostomy. . 


Totals 


Disconnection of 
gastrojejunostomy 
Gastrojejunostomy 
Type not stated 
Anterior... 


With entero-anastomosis 


Totals 


Pyloric resection 
Billroth II... 
Polya... 
Reichl-Roux 
Billroth I. ... 
Mikulicz-Reichl 
Kronlein-Roux...... 
Hoff meister 
Type not stated 


Totals... 


Type not stated......... 


Appendectomy.. 

Resection of jejunum, 
anastomosis en Y and py- 
loric exclusion with liga- 


Totals.... 


* Death or recovery in I case not stated 
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TABLE V 


TREATMENT 


Deaths 


Ne x of 
Cases Cases 
22 r 4 
51 9 
6 oO 
5 8) 
I I 
63 10 
4 oO 
4 I 
2 oO 
I I 
ef > 
7 2 
4 O 
3 ) 
3 oO 
I oO 
I oO 
I oO 
I oO 
3 I 
17 I 
2 £ 
I I 
I oO 
4 7 


+ Death or recovery not stated 


TABLE V. 


Per ¢ 


Mortality 


go 


100 


wn 


100. 
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Secondary Operation 
Required 


‘ent No of O ; 
. eration 
( ases 

9 2 Drainage of abscess 

Disconnection of 
gastrojejuncston 

6 4 Gastroduodenostom 

oO | Pylorectomy Roux 
Pylorectomy Polya 

oO I Pyloric resection 

oO 

8 

Posterior 

O I gastrojejunostomy 

oO 

O I Disconnection of 
gastrojejunostomy 

oO 

5 

oO 

oO 

oO 

oO 

oO 

Oo 

oO 

3 

8 

OO 

O 


Comparison of the different types of surgical treatment with results in 117 


acute perforations of gastrojejunal ulcer. The mortality in the untreated cases reached the 


high point of 90.9 per cent whereas in simple disconnection of gastroyejunostomy the 


mortality was 0.0 per cent. 
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Associated Pathology—Complicating pathology was associated with acute 
perforation of gastrojejunal ulcer in 44 cases. Multiple jejunal ulcers were 


present in 17 cases. In von Eiselsberg’s case there were five jejunal ulcers 





in addition to a gastrojejunocolic fistula. . Hemorrhage had complicated gas- 






trojejunal ulcer in 14 cases. In six gastrojejunocolic fistulae were present. 






Gastric ulcer, intraperitoneal abscess and obstruction of the anastomotic 






stoma each was present in two cases and pyloric obstruction was present in 







one case. 
Autopsy.—Autopsy was performed in 25 cases. 
TREATMENT.—In the 22 cases in which primary operation was not per- 






formed there were 20 deaths representing a mortality of 90.9 per cent. In 






both of the patients who recovered secondary drainage of intraperitoneal 






abscesses was required. Simple suture of the perforation was carried out 






in 51 cases with nine deaths and a mortality of 17.6 per cent. Simple suture 






was combined with other procedures in 12 cases with one death. In 63 






cases wherein simple suture of the perforation was carried out with or with- 






out other procedures the total mortality was 15.8 per cent. Disconnection 






of the gastrojejunostomy restoring the normal sequencial relation of the 





stomach and intestinte was utilized in four cases with no deaths. Gastro- 
jejunostomy alone or combined with other procedures was used in seven 
cases with two deaths and a mortality of 28.5 per cent. Pyloric resection 






with various types of gastro-intestinal anastomosis was applied in 17 cases 
with only one death, making a mortality of 5.8 per cent. In the ten cases 
in which the interval between perforation and operation was mentioned, it 







was recorded as from immediately up to six hours in seven cases, from 






seven to 12 hours in two cases and on the next day in one case. In the 






case in which death resulted, the operation was performed 11 hours after 






perforation. In four cases other operations ranging from appendectomy 






to resection of the jejunum with a Y anastomosis and pyloric exclusion by 






ligature were used. As recovery or death was not recorded in two of these 





information concerning the mortality in this group is not complete (Table 


V). 


MortaLity.—Among the 117 acute perforations of gastrojejunal ulcer in 






this study the outcome (recovery or death) was not recorded in three in- 







stances. In the remaining 114 acute perforations there were 34 deaths, 


representing a gross mortality of 29.8 per cent. 






CASE REPORTS 












Case 1.—(Toland and Thompson). Male, aged 42. In 1921, onset of epigastric 
pain relieved by food and soda. Excision of duodenal ulcer, posterior gastrojejunostomy 






and cholecystostomy in 1924. Pain recurred six months later. In 1927, medical treat- 





ment for duodenal ulcer. In 1928, sudden severe pain in the epigastrium later shifting 





to the suprapubic region and referred to both shoulders. Physical findings consisted 





f retracted abdomen with generalized tenderness and board-like rigidity, dulness in 
the flanks but liver dulness was not obliterated. Diagnosis: Perforated duodenal or 


ot 






jejunal ulcer. 
Operation three hours after onset of pain disclosed a large quantity of free fluid 
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in the pelvis and beneath the great omentum. <A perforated ulcer 1.5 cm. in diamete: 
was found on anterior wall of jejunum opposite the anastomosis. The scar of a heale 
ulcer was situated on the anterior wall of stomach 4 cm. proximal to the pyloru 
Pylorus patent. Disconnection of gastrojejunostomy, closure of stomach and resection 
of a portion of ulcer bearing jejunum 12 cm. long with end-to-end anastomosis by suture 
Closure of abdomen with drainage. 

Pathologic Report——Specimen of intestine 6 cm. long. Circular opening 14 Mm 
in diameter with smooth mucosal edges apparently a gastrojejunostomy opening. Three 
cm. directly anterior to this opening is a second opening measuring 9 X 12 Mm. extending 
through the entire wall of the intestine with indurated and undermined mucosal edges 
typical of a peptic ulcer. Serosa moderately thickened about the opening and covered 
by a delicate layer of fibrin. No evidence of malignancy. Gross Diagnosis: Perforated 
jejunal ulcer. Recovery. 

Three months after operation patient was readmitted to hospital for observation for 
recurrent epigastric pain. Fluoroscopic examination disclosed a dilated stomach and 
tendency for the barium to collect in the dilated duodenal loop. In 1929, patient was 
readmitted for persistent pain, after having vomited one quart of coffee ground material, 
followed by two copious tarry defecations. Red blood corpuscles, 1,480,000. Night re 
tention of from 250 to 650 cc. Medical treatment for two months including transfusion 
of blood. 

Second Operation—Eighteen months after acute perforation of gastrojejunal ulcer: 
Many adhesions. Firm mass at pylorus. Head of pancreas hard and enlarged. Posterior 
no-loop gastrojejunostomy with sutures. General condition of patient too poor to risk 
resection of tumor at pylorus. Recovered. Readmitted to hospital two months post- 
operative because of persistence of pain in lower abdomen. Improved under medical 
treatment. When last examined in October, 1930, patient still complained of pain in 
the epigastrium. Medical treatment was advised. 

Case 2.—(Toland and Thompson). Male, aged 36. In 1917, onset of periodic 
gnawing pain in the epigastrium appearing two to three hours after meals and relieved 
by vomiting. Diagnosis: Peptic ulcer. Medical treatment with relief for six months. 
In 1928, while eating, experienced severe abdominal pain. 

Operation six hours after onset of pain disclosed a perforated duodenal ulcer. 
Sutured. In 1929, posterior gastrojejunostomy with partial relief of symptoms. In 
1934, sudden attack of dizziness and vomiting of bright red blood, melena. Medical 
treatment. Three months later, one and one-half hours after a meal of soft food, patient 


experienced a sudden severe epigastric pain. Generalized abdominal rigidity was found 


on physical examination. Diagnosis: Perforated peptic ulcer. 

Second operation three and one-half hours after onset of pain disclosed many adhe- 
sions but no evidence of peritonitis anterior to the great omentum. Entire region be- 
neath the transverse colon filled with milky fluid. Multiple lesions in the omentum 
resembling fat necrosis. Perforation of anterior wail of jejunum directly below anas- 
tomosis 2 Mm. in diameter. Suture. Closure with drainage. Recovery. On follow- 
up five months postoperative, patient found to experience ulcer pain at intervals. Diag- 
nosis: Marginal or jejunal ulcer. 

Case 3.—(Toland and Thompson). Male, aged 65. In 1Gg24, onset of pain fol- 
lowing meals, relieved by soda. In 1929, vomiting of practically all food except fluids. 
Diagnosis: Peptic ulcer with obstruction. Posterior no-loop gastrojejunostomy for 
duodenal ulcer with obstruction. In 1934 after severe agonizing epigastric pain read- 
mitted to the hospital where a diagnosis of perforated peptic ulcer was made. The 
patient stated that he had been free from symptoms until three weeks prior to this 
admission. 

Operation disclosed perforated ulcer of afferent limb of jejunum. Mass in first 
portion of duodenum had disappeared. Suture and entero-anastomosis. Recovery. 

Case 4.—(Toland and Thompson). Male, aged 34. In 1929, gnawing epigastric 
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pain after meals relieved by food, of three weeks’ duration when patient experienced a 


sudden sharp stabbing epigastric pain. Examination disclosed moist cold skin and rigid 
abdomen. Diagnosis: Perforated peptic ulcer. 

Operation disclosed ulcer anterior wall of pylorus with perforation 1 cm. in diameter. 
Suture and posterior gastrojejunostomy. Relief until 1934 when there was a recur- 
rence of severe abdominal pain. Abdomen board-like and tender throughout. Diagnosis: 
Perforated peptic ulcer. Operation: Perforated ulcer at the margin of the gastro- 
jejunostomy opening. Clear fluid in peritoneal cavity. Closure of perforation with 
On sixth day postoperative evisceration through 


sutures. Drainage of peritoneal cavity. 
Patient died on sixteenth day 


a small opening in the incision. Secondary closure. 
postoperative Autopsy: Generalized peritonitis. Ulcer in greater curvature of stomach 
communicating with jejunum. Bilateral fibrinous pleuritis. 

Case 5.—( Toland and Thompson). Male, aged 37. Gastrojejunostomy eight years 
ago for gastric ulcer. Recent examination for recurrence of symptoms at the Mayo 
In 
September, 1935, patient experienced a sudden pain in the right upper quadrant of the 
abdomen. Examination disclosed a flat, rigid, tender anterior abdominal wall and oblitera- 


Clinic resulted in a diagnosis of marginal ulcer and reactivation of duodenal ulcer. 


tion of liver dulness. Diagnosis: Acute perforation of duodenal ulcer. 

Operation disclosed an active duodenal ulcer, which was not ruptured, and an 
acute perforation of an ulcer in the efferent limb of the jejunum. Gentle manipulation 
of the jejunum caused a separation throughout half of the circumference of the anas- 
tomosis. Disconnection of gastrojejunostomy with suture of gastric and jejunal open- 
ings and restoration of normal anatomy. Recovery. 

Case 6.—(Hinton). Male, aged 45. Posterior gastrojejunostomy for duodenal 
ulcer in 1920. In 1933, acute perforation of ulcer of efferent limb of jejunum. Simple 
suture. Recovery. Recurrence of pain. Further surgery advised. 

Case 7.—(Hinton). Male, aged 55. Posterior gastrojejunostomy in 1929. On 
February 25, 1936, acute perforation of gastrojejunal ulcer situated in the efferent limb 
Simple suture. Recovery. 

Case 8.—(Storey). Male, aged 44. In 1924, posterior gastrojejunostomy for du- 
odenal ulcer with obstruction. Relief for 11 months, when pain in the epigastrium asso- 
ciated with melena appeared. Gastric analysis disclosed hyperacidity and fluoroscopic 
examination with a barium meal revealed an accessory pocket near the stoma suggestive 
of ulcer. In 1925, operation disclosed a cavity filled with brown fluid situated between 
the jejunum and transverse mesocolon into which a perforation of the jejunum emptied. 
A piece of silk three inches long was removed from the neighborhood of the ulcer. The 
duodenum was contracted to the diameter of a little finger. Gastrojejunostomy discon- 
nected, openings closed, anterior gastrojejunostomy performed. Recovery. 

Case 9.—(Storey). Male, aged 52. In 1923, after having had epigastric pain for 


12 months, anterior gastro-enterostomy and entero-anastomosis were performed. In 
1928, sudden severe pain in the region of the umbilicus. 

Operation disclosed adhesions between the omentum, stomach and abdominal wall 
and free fluid in the peritoneal cavity. A small perforation in the efferent limb of the 
jejunum was sutured. Recovery. 

Case 1ro.—(Storey). Male, aged 47. In 1929, posterior gastrojejunostomy for 
duodenal ulcer with obstruction. In 1932, perforated bleeding jejunal ulcer opposite the 


stoma closed with sutures. Recovery. 





Discussion.—In addition to the contribution of ten new cases of acute 
perforation of gastrojejunal ulcer to the literature, this study of 103 cases 
has emphasized a number of significant facts. They will be discussed under 
three broad headings; namely, etiology, pathology, and treatment. 
Etiology.—This study reemphasizes that while acute perforation of gastro- 
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jejunal ulcer may occur at any period from infancy to old age, the fact tha 
85 per cent of cases were found to occur from the third through the fifth 
decade indicates that the condition is distinctly a disease of early and middk 
adult life. By a similarly large percentage of cases the condition also is 
seen to predominate in males. 

An analysis of the data on the primary pathology has brought out two 
important facts. First, it confirms the prevailing impression that acute 
perforation of gastrojejunal ulcer occurs most frequently following peptic 
ulcer. What is more important, however, is that it illustrates how perfora- 
tion of gastrojejunal ulcer may occur not only after malignancy of the stom- 
ach but also as an untoward sequela to gastrojejunostomy when performed 
in such benign conditions as gastric erosions, gastroptosis or even in the 
absence of pathology. These points serve to emphasize further the inad- 
visability of application of this operation in functional conditions or when 
pathology is not demonstrable or is indefinite. 

The second important fact is that pyloric stenosis was recorded as being 
the primary pathology in 18 cases. It will be noted that most of these 
cases were reported by early writers. One of us (H.L.T.*"), in collabora- 
tion with Judd, has shown that while primary pyloric stenosis exists, its 
occurrence among adults is rare. While it is probable, therefore, that many 
if not all of the cases in this group were in reality pyloric or duodenal ulcer 
with secondary stenosis, the absence from the case reports of data which 
would enable us to distinguish the two forms made it necessary for us to 
recognize two groups. Had we combined the groups there would have been 
38 cases or as high as 36.8 per cent of the entire series wherein acute per- 
foration of gastrojejunal ulcer followed pyloric obstruction. This is of 
special interest in view of Wilkie’s®® recent statement that gastrojejunostomy 
should be performed only in cases of pyloric obstruction. 

Analysis of the data on complications of the primary pathology is also 
significant. It is seen that complications were present in 63 per cent of the 
cases in which gastrojejunostomy was used. Acute perforation of peptic 
ulcer outnumbers peptic ulcer with obstruction by 5 per cent and becomes 
therefore the most common complication to be followed by acute perforation 
of gastrojejunal ulcer. By carrying the analysis to the point of distinguishing 
between the tendencies manifest by peptic ulcer we find that the liability to 
reactivation, as indicated by acute and chronic perforation and by erosion of 
blood vessels, outstrips the tendency to inactivity as shown by scarring and 
obstruction in a case ratio of 37 to 20. 

The secondary nature and occurrence of gastrojejunal ulcer brings our 
consideration of the types of original operation under the heading of etiology. 


As gastrojejunostomy per se is an essential prerequisite to the formation of 


gastrojejunal ulcer, it is necessary for us to consider only the various types 
of this operation and the effects of the operations which were used in com- 


bination with it. 
The comparative frequency of acute perforation of gastrojejunal ulcer 
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with respect to anterior or posterior gastrojejunostomy is striking. During 
the early history of gastrojejunal ulcer when anterior gastrojejunostomy was 
used more often than at present, the impression prevailed among students of 
this subject that perforating gastrojejunal ulcer was more commonly a 
sequela to anterior rather than to posterior gastrojejunostomy. Our figures 
reveal, however, that the condition is even more common after posterior 
gastrojejunostomy, so that the recorded cases now outnumber the others by 
45 to 40. 

The occurrence of acute perforation of gastrojejunal ulcer after pyloric 
resection is of interest from a physiologic standpoint. The impression is 
prevalent among physicians that pylorectomy reduces the secretion of hydro- 
chloric acid. It has been shown experimentally by one of us (H.L.T"’) 
that this depends also on the amount of stomach mucosa resected and on 
the type and quantity of food consumed. Also of interest from a physiologic 
standpoint is the large number of acute perforations of gastrojejunal ulcer 
which occurred after entero-anastomosis. It would appear from these fig- 
ures that any procedure which shunts the alkaline duodenal juices around 
the gastrojejunal stoma predisposes strongly to the formation of gastro- 
jejunal ulcer. The use of mechanical devices such as the Murphy button 
and of non-absorbable sutures appear also to be predisposing factors. 

Our findings that 58 per cent of acute perforations of gastrojejunal ulcer 
occur within two years are in agreement with the recent statements of Judd 
and Hoerner*® in this regard. 

Pathology.—The pathology of acute perforation of gastrojejunal ulcer 
especially with respect to multiple perforations is of interest. In view of the 
fact that multiple gastrojejunal ulcers are relatively common, it is not unusual 
that a few cases of multiple simultaneous perforations should be encountered. 

From the clinical and therapeutic standpoint, one of the most important 
phases of this study is that of multiple successive acute perforations. The 
striking tendency of peptic and gastrojejunal ulcers to perforate 1s amply 
illustrated by acute perforation of peptic ulcer having preceded acute per- 
foration of gastrojejunal ulcer in 24 cases and by the latter having occurred 
from two to four times in If cases. From this apparent total of 35 cases, 
four cases must be subtracted as common to both groups, leaving a real 
total of 31 cases which is 30 per cent of the entire series. When we note 


that gastrojejunocolic fistula was also associated with acute perforation in 


six cases, the point is even more striking. This evidence appears to be suff- 
ciently convincing to justify the dictum that gastrojejunostomy should never 


be performed in unobstructed acute perforation of peptic ulcer. The tend- 
ency of peptic and gastrojejunal ulcers to perforation 1s so strong that in a 
significant proportion of cases it manifests itself over a period of weeks or 
years in multiple perforations. 

The site of perforation having been found to be more frequent about the 
artificial stoma, and opposite or distal to it in the jejunum, supports the 
tissue susceptibility theory of Ochsner®* and indicates that the corrosive 
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effect of the acid gastric juice plays a highly important role in the productio 
and perforation of gastrojejunal ulcer. 

Treatment.—The data which we have collected amply illustrate the efficac) 
of surgical treatment and the futility of expectant treatment. As against a 
mortality of 90.9 per cent in the untreated cases, the highest mortality in the 
treated cases was 28.5 per cent. While the numbers of cases in some of the 
operation groups are admittedly small, the mortality rates, we believe, are 
significant. Disconnection of gastrojejunostomy appears to be the safest 
procedure and probably should be carried out when the patency of the pylorus 
will permit. Simple suture carrying a mortality of 17.6 per cent and re 
quiring more secondary operations than the other procedures is by virtue of 
its simplicity applicable to the largest number of cases. This fact alone 
would tend to make the mortality for this operation appear high. Gastro 
jejunostomy, which has a mortality in this series of 25 to 28.5 per cent, 
appears, in view of our other findings, as not only ineffectual but perhaps 
meddlesome, except in cases wherein pyloric obstruction coexists. The most 
remarkable finding with respect to treatment of acute perforation of gastro- 
jejunal ulcer was the fact that in 17 cases wherein pyloric resection was 
carried out there was only one death, representing a mortality of 5.6 per cent. 
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LATE RESULTS IN ACUTE PERFORATED PEPTIC ULCER 
TREATED BY SIMPLE CLOSURE 
Myron A. Satuick, M.D. 


New YorK 


Tus investigation was undertaken with the primary object of ascertain- 


ing late results in cases of acute perforated peptic ulcer treated by simple 


suture alone. It is based upon a series of 74 such cases operated upon at 
the Beekman Street Hospital during the years 1926-1932, inclusive. Cases 
treated by other methods and a few who refused operation are omitted. 
Otherwise this represents a consecutive series. A postoperative interval of 
at least 12 months was required in each case considered; in the majority of 
cases at least three years had elapsed since operation. 

In endeavoring to obtain a comprehensive and first hand estimate of late 
results, an attempt was made by the author to interview and examine each 
case personally. Of 66 letters sent out for this purpose, 26 patients came 
in for interview and examination. There were in addition six patients who 
had recently been seen in our regular follow-up clinic so that we had, through 
examination, recent information about 32 of the 66 who survived operation, 
making a tetal of 48.4 per cent followed over a period of one to six years 
and recently examined. 

To 34 cases with whom a special interview could not be arranged, a 
questionnaire was sent. Of this number two subsequently came in for ex- 
amination, and of the remaining 32, 13 replies were received. While it is 
appreciated that information obtained by questionnaire usually has not the 
value of that resulting from direct follow-up examination, being at times even 
misleading, in composing the questionnaire an attempt was made to elicit 
replies which would be comprehensive and pertinent. It was gratifying to 
find that the replies were in the main complete, earnestly filled in and in many 
instances accompanied by letters which gave additional information that 
proved of value. The author believes that the benefit of this type of late 
study, seriously conceived, tends to be underestimated. 

Adding to the 32 cases recently examined the 13 replies to questionnaire, 


TABLE I 
FOLLOW-UP. STATISTICS 
Number Per Cent 
Total cases surviving operation ; 66 
Special follow-up examination. . 20):2 
Recent examination 
Total examined recently 
Questionnaire replies. . 
Total late follow-up. . . 
Submitted for publication March 21, 10936. 
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late information was obtained in 45 of the total series of 66 survivors, 68.1 
per cent (Table I). 

While primarily undertaken to determine late results, analysis of cas: 
records in this study revealed many other interesting points which merit som: 
consideration. 

Sex.—It was somewhat surprising that all of the 74 patients in this series 
were males, and it might be added that, in going over all the records of the 
Beekman Street Hospital during the last ten years, not a single case of acute 
perforation of peptic ulcer was found occurring in a female. Review of the 
literature on this subject shows males predominating by a striking majority, 
usually the ratio being about 10:1, but in no other considerable series was 
the female sex altogether excluded. 

Incidence by Years.—Otf the total 74 cases, distribution by years is shown 


in Table II. 


TABLE II 
INCIDENCE BY YEARS 


ee 
[ee 
Pere 
1929 

1930 

1931 


£942. c%.: 


fC 7) area noartin sia 5 el 


There is seen to be a distinct decrease during the latter three years of this 


study. The explanation of this drop in numbers is not obvious, since the 


total hospital census during this period showed no proportionate change. It 
is suggested that increased unemployment since 1929 with less hurry and 
physical tension on those engaged at their occupations may be factors of some 
importance in the lessened incidence of ulcer perforation. It may be also 


‘ 


that the public as a whole is becoming more “stomach conscious” in view of 
cancer campaigns of recent years, with the result that stomach lesions are 
being recognized earlier and are less frequently neglected to the point of 
perforation. That this latter is not the full answer, however, is evidenced 
by the fact that a few cases were encountered in the present series where 
perforation occurred in persons at the time actually under some dietary 
regimen for known ulcer. This finding is in accord with the experiences 
of Hinton! who reported six cases of acute perforation which occurred in 
patients under active treatment for chronic ulcer. 

Seasonal Incidence —Tabulation of cases by months disclosed no seasonal 
incidence of perforation. They occurred more frequently in October and 
December, and were less in April, June and August, but on the whole there 
was no significant variation between the months. 

Age Incidence.—The youngest patient in this series was 19; the oldest 67, 
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there being two cases of this age, both of these incidentally being fatal cases. 


By decades, the 30-40 age period showed by far the largest number, the 


40-50 period being next in frequency (Table IIT). 


TABLE III 


AGE INCIDENCE 


50 


60 


Total... ; 74 

Location of Uleer—Contrary to our general impression prior to this 
review, the majority of the acute perforations were found in gastric ulcers, 
41 being situated proximal to the pylorus. There were 26 lesions in the 
duodenum and seven were found at the pylorus. No multiple perforations 
were encountered. All the duodenal perforations in this series were on the 
anterior surface or superior border of the intestine. Of the stomach per- 
forations, four were through its posterior wall into the lesser cavity. In these 
cases, as a rule, development of symptoms was later and the diagnoses more 
difficult. The remainder of the stomach lesions were about equally divided 
between the lesser curvature and the anterior surface. There was none noted 
on the greater curvature. 

Previous Gastric History—Not many years ago it was generally held 
that most peptic ulcers which resulted in perforation were acute ulcers, dif- 
fering in type from the chronic peptic ulcer, being of relatively recent origin 
and preceded rarely by continued dyspeptic symptoms. More recently this 
opinion has been questioned though it still appears to have its adherents. In 
our series only 12 of the 74 patients gave a negative past gastric history, the 
remaining 62 or 86 per cent admitting more or less typical ulcer symptoms, 
varying in time from a few weeks to many years. These histories corre- 
sponded well with the operative findings. In only eight cases was there 
reported to be no, or slight, induration about the perforation as seen at the 
operating table. Eleven, or slightly over 15 per cent, of all the cases gave 
histories of previous nonoperative ulcer treatment. Two cases had had earlier 
acute perforations, one of these two having perforated twice previously 
(Table IV). 

TABLE IV 
HISTORY OF PREVIOUS GASTRIC COMPLAINT 
Cases with Cases Having 
Previous Previous Cases with Operative 
Gastric Nonoperative Ulcer Previous Finding of 
Total No. Cases History Treatment Perforation Induration 
74 62 II (15 per cent) 2 58 
(86 per cent) (78 per cent) 


~ 
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Diagnosis—The matter of diagnosis presented relatively little difficulty 
in this series. In 63 of the 74 cases the clinical picture was typical and the 
diagnosis was readily established. Of the remaining 11 cases the possibilit) 
of acute appendicitis was entertained in four cases, acute cholecystitis in 
three and acute pancreatitis in one. Since all of these eight cases wer: 
recognized and regarded as acute surgical emergencies, the possibility o| 
perforated ulcer being considered in each, early operation was performed 
The remaining three cases offered more difficult diagnostic problems. Each 
was admitted first to the medical service, two with the preliminary diagnosis 
of coronary artery disease and the third as intestinal neoplasm with partial 
obstruction. In each of these cases there was a delay of 24 hours or more 
before operative intervention, and all three proved eventually to be fatal 
cases. 

Preoperative flat roentgenologic study as a diagnostic aid has proven of 
indifferent value to us. Flat abdominal films were taken in 32 cases and in 
10 free gas was demonstrated ; the remaining 22 gave negative results. Defi- 
nite roentgenographic indication of right diaphragmatic elevation by gas 1s a 
most reliable diagnostic aid, but negative roentgenographic findings occur 
frequently and must be disregarded. 

O peration—The 74 operations were performed by nine different  sur- 
geons. All were simple closures, usually with purse-string suture, although 
a few were by mattress or figure of eight sutures. As a rule there were 


second and third of linen not including the mucosa. An omental tab was 


three suture layers; the first of catgut through all walls of the viscus, the 


usually included in the third suture layer. In three cases only a single suture 


layer was employed, one of these cases resulting fatally. Only six of the 


74 cases were drained. In many instances there appeared to be great dis- 
tortion and probable pyloric constriction after the plication closure. However, 
side-tracking or plastic procedures to obviate possible pyloric obstruction 
were deliberately withheld and in no case did interference with patency of 
the pylorus develop. Our experience shows that most of the apparent de- 
formity disappears as the local inflammatory edema subsides. 

General anesthesia was used more frequently than spinal in the total 
series, the ratio being 50 to 23. In the latter years, however, spinal and 
general anesthesia were about equally popular. One case was performed 
under local abdominal wall infiltration with novocain. 

Immediate Results—Operative Mortality—There were eight deaths in 
this series of 74 cases, an operative mortality of 10.8 per cent. No death 
occurred in a patient under the 30-40 year age period, the highest relative 
mortality being found in the 50-60 and 60-70 decades. Anatomic location 
of the lesion was not important, there being fairly equal distribution among 
the fatal cases: three gastric, three duodenal, and two pyloric. The type of 
anesthetic also seemed a relatively unimportant factor in mortality. There 
were deaths in three cases operated upon under general, four under spinal and 
one with local novocain, the latter in a very poor operative risk. 
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As was expected, we found that the patient's chances of surviving de- 






pended chiefly upon how soon after perforation his operation was begun. 


Phis relationship is shown strikingly in Table V. 






TABLE V 














MORTALITY AND ITS RELATION TO TIME OF OPERATION 











Duration of Perforation No. of Cases No. of Deaths Mortality Per Cent 










6 hrs. 49 I 2 
6-12 hrs. 13 2 15 
12-48 hrs. 10 i 30 
Over 48 hrs. 2 2 100 
All cases 74 8 10.8 





Experiences of Other Authors.—An extensive literature is to be found 





on the study of the general subject of acute peptic ulcer perforation. No 







attempt will be made, however, to present at this time findings of other authors 






except as they deal, at least indirectly, with late results. Although generaliza- 






tions and impressions are found frequently expressed, studies with follow-up 






findings based upon direct examination and presenting criteria for analysis 






and specific findings are relatively few. 
As is commonly seen on clinical investigation of similar subjects by dif- 






ferent authors, no great unanimity of findings or conclusions exists in this 





field. This divergence of opinion may be explainable in part on the basis of 





local racial, geographic and dietetic variations. The type of primary opera- 





tive procedure may also be a factor. but it seems most likely that lack of 






uniformity in evaluating results is the most important reason for this diversity 






of findings. 
As regards the type of operative procedure to be employed for acute per- 






foration, simple closure usually without peritoneal drainage seems now to be 
the method of choice in this country (Gibson,? Stewart and Barber,? Colp,4 






White and Patterson,’ Pool and Dineen,® St. John,‘ Farr’). The British 






authors also, in recent years, have been favoring plication closure alone (Gil- 
mour and Saint,” Bryce,’’ Black"). Urrutia’? almost alone of continental 






uropean surgeons has been an advocate of this method. On the other hand, 
Deaver'’ urged the necessity of the addition of primary gastrojejunostomy 






to the closure, and this procedure is followed by many surgeons here and 
abroad ( Walton,’ Alexander,'®? Mills’ H. P. Brown'). Still other writers 


have advocated primary anastomosis in most cases, though not as a routine 






(Scotson,'*® Shelley,!? Platou,?’ Boyd?!). In perforation of duodenal ulcers 






Moynihan?” adds gastro-enterostomy to suture closure. For lesions situated 






at, or just proximal to, the pylorus he recommends excision of the ulcer with 





added pyloroplasty. So also does Soderland** who urges excision of the 





ulcer margins before suture closure in all cases. Pyloroplasty is advised by 





Hinton,?# and H. P. Brown?* in cases where primary gastro-enterostomy is 





not done. Kuntz?" in some cases combines jejunostomy with simple closure, 






although he performs gastric resections in most instances. 


857 





MYRON A. SALLICK Aatate at Bers 


November, 


In recent years more radical immediate measures for the treatment . 
acute ulcer perforation have been employed by central European surgeons. 
Particularly in the large German and Austrian clinics, primary gastric rese 
tion for perforation is now widely practised. Recently Graves** compiled 
a large series of such cases operated upon by several German surgeons, his 
findings indicating a lower immediate mortality rate with resection than with 
simple closure alone. However, in interpreting these results it must be re 
alized that in this series the simple procedure usually was reserved for pa- 
tients who were obviously bad operative risks. Many other reports of pri 
mary resections are to be found from foreign sources, some of the more 
’ Kreuter,*° 


recent of these being by Hromada and Newman,?* Schwarz,** 
Eichelter,?! Judine,?? Peters,3* Ciancarelli,3* and Kuhlman.** In this coun- 
try gastric resection for acute perforation is rarely advised. The author re- 


cently performed such resection in a patient with multiple perforations with 
good result, and believes this procedure is indicated in some cases. 
Considering now the question of published late results alone, reports as 
found in the literature show a wide divergence of findings and opinion. Thus 
Stewart and Barber® after simple closure reported their patients “in most in- 
stances cured or improved” and Walton’ found “not a single recurrence” of 
symptoms in those who survived operation when primary gastro-enterostomy 
was performed. Gibson,? in a study of 93 patients, followed after opera- 
tion, had 41 “excellent” and 31 “satisfactory” results. However, it is found 
on analysis of his statistics that, of the remaining 21 cases, 19 had symptoms 
sufficiently severe to require reoperation and of those reported as having 
good results two later had reperforation. Dineen*® found 80 per cent of his 
cases to have good results and in an earlier study with Pool® reported 60 per 
cent to be satisfactory after simple suture alone. Employing the same opera- 
tive method, White and Patterson® had 60 to 65 per cent “cure” of ulcer 
symptoms in a small series of cases. St. John‘ also reported favorable late 
results, finding 59 per cent symptom-free, and Farr® in a larger series found 
nearly 70 per cent good results after plication closure of acute perforation. 
Collinson®* reported 65 per cent good late results. Southam**® found 28 
out of 37 cases to be satisfactory. On late investigation of 59 cases in which 
some had gastro-enterostomy in addition to simple suture, Shelley’? found 
recurrent symptoms in only 32 per cent. K. P. Brown*® states that over 60 
per cent of his patients had no further trouble, the percentage of favorable 
cases being even higher in those who had primary gastro-enterostomy. Simi- 
larly Platou’s*® experience was favorable when he employed anastomosis at 
the time of operation for the perforation, all 14 of his patients so treated 
having had no further trouble. In reporting a group of 90 compiled cases, 
all of whom had primary gastro-enterostomy, Luff* states that over 68 per 
cent had “‘no pain or discomfort.” These cases were not personally exam- 
ined by him; also he does not give the time interval of the follow-up. Simi- 
larly vague is the report of Rhodes and Collins,44 who found that 85 per 
cent of patients followed “reported themselves either entirely free of ulcer 
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symptoms, or evidences of recurrences were promptly controlled by dietary 
measures.” Again there is no statement of the postoperative interval nor 
criteria used for evaluation of results. 

In contrast to the above reviewed favorable reports are the experiences 
of other writers who found recurrent ulcer symptoms in many of their pa- 
tients who had recovered from operative procedures directed towards the 
treatment of acute perforation. Lewisohn,** through personal late examina- 
tion, in 33 cases found 13 “failures,” five of these subsequently coming to 
reoperation. Williams and Walsh** reported that of eight patients with gas- 
tric ulcer perforation on whom late information was obtained, five had come 
to reoperation; of their duodenal cases 53 out of 94 had required further 
surgical treatment. Gilmour and Saint® in their analysis of 48 cases with 
late follow-up report 61 per cent recurrence of ulcer symptoms. In Platou’s*° 
series of 25 patients, after simple closure alone, 16 had recurrent ulcers. Of 
these 16, eight later had gastro-enterostomy performed and three others had 
reperforation. Morley** found that 17 out of his 41 cases, studied late, re- 
quired further treatment for ulcer. Similarly Bryce’ in 100 cases had only 
32 free of gastric complaints. These experiences correspond to those of 
Scotson*?? who reports recurrent symptoms in 58 per cent of 92 cases. Simi- 
lar also are the findings of Urrutia.’* After late study this author reports 
recurrence of ulcer in 50 per cent of the cases treated by simple closure. 
After added gastro-enterostomy he found even more recurrences, only one 
out of three so treated being cured of ulcer in his experience. 

Criteria for Evaluation of Late Results—tIn dealing with patients pre- 
senting a gastric disorder, the accurate evaluation of late results is by no 
means easy. We must depend for our information primarily upon the 
patient’s replies to questions about his subjective state. Tangible physical 
findings are few. Occasionally local tenderness may be found but its absence 
does not rule against the persistence of active pathology. Late roentgeno- 
graphic studies were obtained in a few cases but it was not felt that sufficient 
information could be obtained in this way to warrant its being employed in 
the entire series. The expected postoperative deformity was seen in those 
cases so studied, but differentiation between active ulcer and _ cicatricial 
deformity particularly in the pyloric region could not be made with assurance. 
Gastric analyses also were not generally employed, since it was felt that this 
procedure would not materially aid us in evaluating results. In the main 
we had to depend primarily on the histories we could obtain. 

We have then no yard stick by which to measure accurately the status of 
these patients. With criteria for recurrence or cure based largely upon 
subjective standards one cannot hope to grade results except in a gross way. 
Conclusions in any such study, if the attempt is made to tabulate results too 
finely, are liable to be misleading or unfair, no matter how earnest or sin- 
cere is the investigator. 

We decided, therefore, to classify our postoperative results in a rough 
way, as good, bad or fair. In judging and gauging replies to our queries, 
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an attempt was made to evaluate in so far as possible the types of personal 
ties with which we were dealing, to size up each individual and weigh his 
responses fairly. We have taken some time to clarify our standards, whic! 
we regard of prime importance in this type of study. Differences by various 
authors in criteria for cure and recurrence have caused much confusion in 
the literature. 

Results classified as “good” were those in which patients had remained 
symptom-free after a period of reasonable dietetic and hygienic care. Such 
persons were expected to have returned to their usual occupations, or to have 
been able to do so, if the desire or opportunity were present. Preoperative 
weight and strength should have been regained and retained. 

We regarded as “poor” results those cases which reported periodic or per 
sistent recurrence of ulcer symptoms where these symptoms appeared real in 
origin and significant in amount. Any who required further medical or 
or surgical treatment for peptic ulcer were given this classification. Patients 
who had been reoperated upon were of course placed in this category. Cases 
with roentgenologic findings of new lesions or disturbances of gastric motil- 
ity were put in the “poor” column. 

In our final classification of “fair” results were included those patients 
whose complaints were mild, inconstant and not entirely typical of ulcer. 
Where symptoms were persistent, but appeared to be in large part functional 
or based on sociologic or economic dissatisfaction, the result was considered 
fair. Those individuals with recurrent complaints who admitted ignoring or 
seemed to have disregarded postoperative instructions soon after leaving the 
hospital were regarded as having fair results unless their symptoms were of 
more than moderate severity. 

Analysis of Late Findings and Results ——By these standards, of the 32 
who had recent follow-up examination, 15 were classified as having poor re- 
sults, six as fair and nine as good. Recurrence of symptoms in this group 
was found in 23 of the 32, or 71.7 per cent. Similar evaluation was attempted 
in those heard from by questionnaire only. Of these 13 cases the results in 
five were considered poor, one fair and seven good, giving six or 46 per cent 
with recurrence of symptoms. Altogether of the 45 cases about whom we 
had recent information, 29 were found to have had significant further gas- 
tric trouble, a recurrence in the series of 64.4 per cent. 

It is interesting to note that of these 45 cases who were followed over a 
one to six year period after perforation, five have had subsequent reoperation, 
three for a second acute perforation (the third perforation for one patient). 


One had a gastro-enterostomy six months postoperative for obstruction and 


one a gastric resection for persistent symptoms. This one case with gastro- 


enterostomy was the only one we know of in our entire s ries in whom 
pyloric obstructive symptoms developed after plication closure aione for acute 
perforation, this despite frequent gross distortion of the pylorus immediately 
after the closure. 
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TABLE VI 
ANALYSIS OF END-RESULTS 
Number Poor Fair Good Total Recur- 
of Cases rences 
Special examination 
Recent follow-up examina- 23 (71.7 per cent) 
tion 
Questionnaire cases 3 ‘ 6 (46 per cent) 
Total examinations plus 
questionnaire Cases 29 (64.4 per cent 


SUMMARY.—(1) A study is presented of 74 consecutive cases of acute 
perforation of peptic ulcer treated by simple closure alone. 


(2) These cases were all from the Surgical Services of the Beekman 


Street Hospital, operated upon during the years 1926-1932, inclusive. 


(3) It is interesting to note that all of these patients were males, and 
that during the last ten years not a single female has been admitted to the 
Beekman Street Hospital with this complication. 

(4) During the latter three years embraced by this study, there has been 
noted a rather sharp drop in the incidence of ulcer perforation. The cause 
of this decrease is not clear; several possible factors are considered. 

(5) No significant monthly or seasonal variation was found. 

(6) By far the largest number occurred in the 30-40 year age period. 

(7) Gastric perforations were more frequent in this group than were 
duodenal or pyloric, the anatomic distribution being gastric 41, duodenal 26, 
pyloric seven. 

(8) Of the 74 patients, only 12 had been entirely free of “dyspeptic” 
symptoms prior to perforation. The remaining 62 or 86 per cent gave a 
definite antecedent gastric history. Eleven of these had had previous medical 
ulcer treatment with two having had earlier simple closure for acute per- 
foration. One patient had perforated twice previously. 

(9) The majority of cases were seen early after onset of acute symp- 
toms, 49 or 65 per cent having been operated upon within six hours from 
the estimated time at which perforation occurred. 

(10) On the whole diagnosis was made easily ; 63 of the cases presented 
no diagnostic problem. 

(11) Flat abdominal roentgenologic study proved to be only an indifferent 
diagnostic aid. It is valuable only when free subphrenic gas can be demon- 
strated. A negative finding has little significance. 

(12) Operation consisted almost invariably of three layer purse-string 
closure of the perforation. Peritoneal drainage was rarely employed. 

(13) Eight of the 74 patients died after operation, a general operative 
mortality of 10.8 per cent. Neither anatomic site of the perforation nor 
choice of anesthetic was found to be a factor of consequence in mortality in 
this series. 
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(14) Mortality percentage rose directly and sharply with delay in com- 
mencing operative interference. 

(15) The literature dealing with late results in acute ulcer perforation 
is reviewed. 

(16) The author’s criteria for evaluating late results are presented in 
detail. 

(17) Through combined special examination and replies to questionnaire, 
late study was obtained in 45 of the total 66 patients who survived opera- 
tion, giving recent information in 68.1 per cent of these cases. The follow-up 
period was over a one to six-year period. 

(18) Altogether of the 45 cases, about whom we had recent information, 
29 were found to have had significant further gastric trouble, a recurrence 
in this series of 64.4 per cent. 

CONCLUSIONS 

(1) The low mortality rate and excellent early results, with simple closure 
alone, warrant the routine use of this procedure in the emergency treatment 
of acute peptic ulcer perforation. 

(2) Addition of gastro-enterostomy for mechanical reasons is rarely nec- 
essary, no matter how extensive the induration or how great the apparent 
pyloric distortion after plication. 

(3) Acute perforation followed by successful closure results in permanent 
cure of ulcer in only a minority of cases. 

(4) In almost two out of three cases peptic ulcer symptoms recur later 
with complaints of greater or lesser severity. 

(5) All cases of ulcer perforation deserve postoperative follow-up study 
and in most instances further medical or surgical care is required. 


REFERENCES 

* Hinton, J.: Acute Perforated Ulcers of Stomach and Duodenum. Surg., Gynec., and 
Obst., 52, 778, 10931. 

* Gibson, C. L.: Acute Perforation of Stomach and Duodenum. J.A.M.A., g1, 1006, 1928. 

* Stewart, G. D., and Barber, W. H.: Acute Perforated Ulcers of the Stomach or Duo- 
denum. ANNALS OF SURGERY, 75, 349, 1922. 

*Colp, R.: Perforated Gastroduodenal Ulcers. N. Y. State Jour. Med., 29, 13, 1920. 

5° White, W. C., and Patterson, H. G.: Late Results of Simple Suture in Acute Perforation 
of Duodenal Ulcer. ANNALS OF SURGERY, 94, 242, 1931. 

* Pool, E. H., and Dineen, P. A.: Late Results of Gastro-enterostomy for Gastric and 
Duodenal Ulcers, Including Acute Perforated Ulcers. ANNALS oF SuRGERY, 76, 
457, 1922. 

7St. John, F. R.: In discussion of paper by Lewisohn.” 

®Farr, C. E.: Ibid. 

*Gilmour, J., and Saint, J. H.: Acute Perforated Ulcer. Brit. Jour. Surg., 20, 78, 1932 

* Bryce, A. G.: Acute Perforation of the Stomach and Duodenum. Brit. Med. Jour., 1, 
774, 1930. 

™ Black, J. N.: Perforated Gastric and Duodenal Ulcer. Brit. Med. Jour., 11, 290, 1933. 

*” Urrutia, H.: Late Results in Perforated Gastro-duodenal Ulcers. ANNALS OF SURGERY, 
90, 73, 1920. 


862 














Volume 104 PERFORATED PEPTIC ULCER 


Number 5 


Deaver, J. B.: Perforated Peptic Ulcer. ANNALS OF SURGERY, 89, 529, 1920. 

Walton, A. J.: Nelson Surgery, 5, Thos. Nelson & Sons, N. Y., 1932. 

\lexander, E. G.: Acute Perforation of Gastric and Duodenal Ulcers. ANNALS ot 
SURGERY, 66, 72, 1917. 

Mills, G. P.: The Treatment of Perforated Gastric and Duodenal Ulcers. Brit. Med. 
Jotr:, 25.12; 1625; 

Brown, H. P.: Perforation of Peptic Ulcer. ANNALS OF SURGERY, 89, 209, 1920. 


*Scotson, F. H.: The Treatment and Post-operative Results of Perforated Peptic Ulcers 


Brit. Med. Jour., 2, 680, 1933. 


‘Shelley, H.: Perforated Peptic Ulcers. Am. Jour. Surg., 15, 277, 1932. 


” Platou, P.: Perforated Peptic Ulcers. L. I. Med. Jour., 23, 145, 1929. 


y 


Boyd, F.: Peptic Ulcer, with Diagnosis and Treatment of Ulcer Perforation. Int. Jour. 
Med. and Surg., 43, 149, 1930. 

Moynihan, B.: Perforation of Gastric and Duodenal Ulcers. Practitioner, 120, 137, 
1928. : 

Séderland, G.: The Surgical Treatment of Perforating Gastric and Duodenal Ulcer. 
Practitioner, 118, 171, 1927. 

Hinton, J.: Horsley Pyloroplasty in Acute Perforated Duodenal Ulcers. Tr. Am. 
Gastro-Entrol. Assn., 31, 232, 1920. 

See ™ 


Kuntz, H.: Arch. f. klin. Chir., 160, 390, 1930 


‘Graves, A. M.: Perforated Peptic Ulcer in German Clinics. ANNALS OF SURGERY, 


98, 107, 1933. 
Hromada, G., and Newman, S. S.: The Surgical Treatment of Perforated Ulcers of 


Stomach and Duodenum. Surg., Gynec., and Obst., 35, II, 1922. 


* Schwarz, E.: Deutsch. Ztschr. f. Chir., 197, 56, 1926. 


” Kreuter, E.: Zentralbl. f. Chir., 59, 2017, 1932. 


'Eichelter, G.: Arch. f. klin. Chir., 160, 390, 1930. 
* Judine, S.: Arch. f. klin. Chir., 161, 517, 1930. 


Peters, K. O.: Chirurg, 7, 78, 1935. 


*Ciancarell:, C.: Arch. Ital. di. Chir., 39, 077, 1935. 
* Kuhlman, J.: Strasbourg Med., 93, 136, 1933. 
* Dineen, P. A.: Acute Perforated Ulcers of the Stomach and Duodenum. ANNALS OF 


SURGERY, 90, 1027, 1920. 


* Collinson, H.: Problems in the Surgery of Gastric and Duodenal Ulcer. J.A.M.A., 63, 


1184, 1914. 


* Southam, A. H.: The Treatment of Perforated Gastric and Duodenal Ulcer. Brit. Med. 


Jour., 1, 556, 1922. 


‘Brown, K. P.: Late Results in a Series of 49 Cases of Perforation of Gastric and 


Duodenal Ulcers. Edinburgh Med. Jour., 32, 207, 1925. 

Luff, A. P.: Perforated Duodenal and Pyloric Ulcers. Brit. Med. Jour. 11, 1125, 1920. 

Rhodes, G. K., and Collins, D. C.: Acute Perforated Peptic Ulcers. Calif. and West. 
Med., 39, 173, 1933. 

Lewisohn, R.: Late Results in Perforated Gastro-duodenal Ulcers. ANNALS OF SUR- 
GERY, 87, 855, 1928. 


’ Williams, H., and Walsh, C. H.: Treatment of Perforated Peptic Ulcer. Lancet, 218, 


44 


at 





9, 1930. 
Morley, J.: Perforated Ulcers of Stomach and Duodenum. Practitioner, 90, 997, 1913. 
Scotson, F. H.: The Treatment and Post-operative Results of Perforated Peptic Ulcers. 
rit. Med. Jour., 2, 680, 1933. 











OBSTRUCTIONS ABOUT THE MESENTERY IN INFANTS* 
Joun J. Morton, M.D., ann T. Banrorp Jones, M.D. 


Rocuester, N. Y. 


FROM THE DEPARTMENT OF SURGERY, THE UNIVERSITY OF ROCHESTER 
SCHOOL OF MEDICINE AND DENTISTRY, ROCHESTER, N. Y. 


REPEATED vomiting in infancy is always a cause of great concern to the 
parents and to the attending physician. When the baby cannot retain his 
feedings in the first weeks of life the usual procedure is to try various 
modifications in the diet. If after several failures, and the response even to 
thickened feedings and atropine therapy is without result, an organic ob 
struction of some type is likely to be found the underlying cause. The most 
common etiologic factor of organic obstruction in infancy is hypertrophic 
pyloric stenosis. But there are a certain number of obstructions which make 
their presence known almost as soon as the baby takes anything by mouth. 
These obstructions can be differentiated from hypertrophic pyloric stenosis. 
They occur in or about the duodenum and are usually in close anatomic re- 
lationship to the mesentery of the small intestine. We wish to consider this 
group of obstructions in this communication. The group includes the duo- 
denal atresias; the internal herniae; and the anomalies due to faults in 
migration, descent and fixation acting on the first portions of the small 
intestine. 

The earliest recorded case of congenital intestinal occlusion is credited to 
Calder who, in 1733, according to Cordes'¢ described an atresia of the 
duodenum. In 1901, Cordes collected from the literature only 56 cases of 
duodenal atresia and stenosis. Two years later Kuliga* made an extensive 
study of congenital occlusions of the entire intestinal tract based on 18% 
reported cases. In 1922, Davis and Poynter* increased this number to 392. 
In other words, the reported cases averaged two per year over a period of 
approximately 200 years, which gives a false impression of the frequency 
with which the condition occurs. While congenital intestinal anomalies 
leading to complete and partial obstruction are unusual, they are not rare. 
Ladd,*)® who reported 60 cases from the Children’s Hospital of Boston, 
states that the fact that he has “encountered ten cases in a comparatively 
short time makes me feel that they (congenital anomalies) have been over- 
looked in the past.” He feels that the “frequency of postmortem reports of 
the cases and the infrequency of these conditions in adult life indicate a high 
mortality without surgical intervention.” 

Since Cordes’ contribution other reports stressing various phases of con- 
genital occlusions have appeared. Among these should be mentioned those 
of Pehu and Auberge,® Thorndike,’* DeSanctis and Craig’ and most re- 

* Read before the American Surgical Association, Chicago, IIl., May 7, 1936. 

+ 1752 according to Davis and Poynter.* 

Submitted for publication May 15, 1936. 
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cently Ladd. Spriggs* gives an excellent and detailed description of the 
microscopic findings in cases of stenoses, as do Davis and Poynter. The lat- 
ter feel that the fundamental etiologic factor is primary sclerosis of the 
regional vessels, the changes in the bowel wall being secondary to the re- 
sulting circulatory disturbances. 

Congenital intestinal occlusions are commonly classified as intrinsic and 
extrinsic. The pathology of the atresias varies from a complete absence of a 
portion or portions of the intestine to all grades of intestinal fibrosis and 
diaphragms occluding the lumen. Atresias occur more commonly in the 
duodenum than in any other part of the gastro-intestinal tract, 30 per cent 
according to von Koos” and Davis and Poynter. The extrinsic occlusions 
form an interesting group and it may be said that in general they result 
from faulty or incomplete intestinal rotation and hyperperitonealization dur- 
ing fetal development. Internal herniae as a cause of obstruction are en- 
countered less frequently than short mesenteric arteries, incomplete intestinal 
rotation, abnormal peritoneal bands and adhesions. 

An understanding of the embryologic development with the changes in 
anatomic relationships of the gastro-intestinal tract will help the surgeon to 
untangle these complicated anomalies which he encounters at operation. A 
fairly accurate picture of the process has been pieced together for us by 
studies on human embryos and from observations in comparative anatomy.!* 
It is presented as a theoretical motion picture although the evidence is made 
up from a series of still exposures often with great unfilled gaps between. 
When one realizes the many opportunities that there are for something to 
upset the orderly progression it is amazing that these anomalies are so rela- 
tively uncommon. 

The stomach moves down from the cervical into the lower thoracic region 
during the sixth and seventh week of embryonic life. It hangs vertically 
with a right and a left surface until a more rapid growth of the dorsal or 
posterior border and its mesentery takes place. This inequality in growth 
rate leads to the development of a relatively freely movable greater curva- 
ture and a relatively fixed lesser curvature. The fundus also evolves as an 
outpouching on this dorsal border. The resulting disproportion between the 
anterior and posterior border of the stomach leads to a rotation, the greater 
curvature moving towards the left. The former right surface finally becomes 
posterior and the left surface anterior in position. During this same time 
the duodenum is giving rise to the buds which develop into the liver, biliary 
passages, and the pancreas. The duodenum then becomes occluded by pro- 
liferation of its lining epithelium. it remains in this condition so that the 
lumen is blocked until the sixth week. Then, normally, the epithelium is 
absorbed again. In rare instances this does not occur but the epithelium 
becomes organized. This mechanism results in the various types of atresia 
encountered in the duodenum as well as elsewhere in the jejunum and ileum. 
These atresias may be single or multiple, partial or complete. The occlusion 
may be a solid cord of some extent or a simple membrane. Cases I and 2 
illustrate this type of anomaly. Atresia in the duodenum frequently occurs 
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just above the opening of the common duct, but we have not met such a casi 
in our series. 

The mobile duodenum undergoes a rotation and fixation of its own from 
the sixth to the ninth week. It is forced towards the right side of the abdo 
men by the rotation of the stomach, and there twists on its axis. This 
causes an alteration in the position of the common duct and the pancreatic 
outgrowths so that they occupy more nearly their adult positions. The duo- 
denum then becomes fixed to the region of the gallbladder and liver, fused 
with the dorsal wall, and suspended behind the root of the mesentery by a 
fibromuscular band, Treitz’s ligament. The superior mesenteric artery thus 
passes in front of the terminal part of the duodenum. 

That portion of the intestinal tract supplied by the superior mesenteric 
artery—the midgut—starts out as a U loop within the umbilical cord. In 
the sixth week of life the cecal bud becomes apparent. By the ninth week 
coils of lower jejunum and ileum have formed in the cord and an upper 
jejunal coil distal to the duodenojejunal attachment. The loops in the cord 
are drawn into the abdominal cavity by retraction bands in the mesentery 
during the tenth week. The operation of rotation of the bowel which is 
necessary before its fixation takes place appears to be greatly helped by its 
shape and position in this special umbilical sac. The portion of the midgut 
from the duodenum to the vitelline artery passes in behind the artery from 
right to left. The portion of the midgut from the vitelline artery to the 
midtransverse colon passes in front of the artery from left to right. By the 
third month the U shaped loop has become twisted around the axis of the 
superior mesenteric artery. 

The hindgut is drawn up and molded into place by pressure of the small 
bowel against it. It usually fuses with the posterior wall assuring its fixa- 
tion. Towards the end of the third month the large bowel occupies an 
oblique position across the abdomen from the right iliac crest to the left 
hypochondrium. The rotation has brought the mesentery of the cecum and 
ascending colon into contact with the duodenum. The cecum thus comes to 
rest in front of the lower part of the right kidney near the gallbladder in 
the majority of fetuses. It remains there until about the time of birth. At 
the time of birth the ascending colon moves toward the right iliac fossa, 
elongating in the process—descent. The liver and the gallbladder move 
upwards providing more room for fixation of the ascending colon at the 
hepatic flexure. The adhesions which the ascending colon forms in its 
fixation, just before and just after birth as the cecum descends to its final 
position, offer many opportunities to produce anomalies. 

If there are unequal tension pulls on the retroperitoneal duodenum it 
may be angulated or twisted on itself, especially since it may be caught be- 
tween two opposing forces—those causing its firm anchorage at Treitz’s 
ligament and those pulling towards the right iliac fossa. Under these condi- 
tions it is not strange that we have encountered such partial obstructions as 
are recorded in Cases 5, 6, 7, 8, and 9g. These result from hyperfixation 
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of the peritoneum about the duodenum giving partial obstructions from 
plications or torsions of its lumen. In Cases 10 and I1 we have examples 
of obstructions due to failure in descent of the cecum. These patients pre- 
sented an exact duplication of the position and attachments of the great 
bowel at the end of the third month of development. But their close attach- 
ments prevented the duodenum from functioning properly, especially in 
Case 11 where a well formed cystocolic membrane was exposed. In Case 4 
we have a most interesting example of one of these developmental anomalies. 
It is classed as a retroperitoneal hernia by most surgeons. We believe that 
it represents an abnormal fixation of the mesentery. When the rotation 
occurs in a direction opposite to the. normal, the duodenum and mesentery 
come to lie in front of the transverse colon instead of behind it. These 
cases are a great puzzle to the surgeon unless he can expose the root of the 
mesentery. Then, the whole bowel unrolls rapidly. At the finish of such 
an operation all the small bowel will occupy the right and all the large bowel 
the left side of the abdominal cavity. This is the condition as it is in devel- 
opment before any rotation has taken place. 

When there is failure of complete fusion at the duodenojejunal junction, 
a deep fossa may be left into which jejunum may herniate. Case 3 is an 
example of a very unusual herniation into the lesser peritoneal cavity through 
such an opening. 

Herniation of the small intestine into the lesser peritoneal cavity is un- 
common. Moynihan,!® in his monograph on retroperitoneal hernia, cites 
only four cases. The bowel gains access to the lesser peritoneal cavity by 
two routes, the more common being through the foramen of Winslow. 
Dewis and Miller™! reported 34 cases. Less frequently as in the present 
case, herniation occurs through the transverse mesocolon. Heaney and Simp- 
son!* reported 21 cases of this type. The herniated intestine may remain in 
the lesser peritoneal cavity or it may partially emerge by forcing itself through 
the gastrohepatic or gastrocoli¢é omentum to again occupy, more or less, its 
normal position in the abdominal cavity. Occasionally herniae through the 
transverse mesocolon emerge through the foramen of Winslow. 

In reported cases increased intra-abdominal pressure due to vomiting 
caused by associated lesions (ulcer or carcinoma of duodenum and stomach) 
was felt to be responsible for producing a tear in the transverse mesocolon. 
Its occurrence in adult life makes it probable that in most instances it is an 
acquired lesion. There seems to be little question that in the present case 


the defect in the mesocolon was congenital. 


CASE REPORTS 
Case 1.—No. 34708. E. S., a white female infant, the fourth in the family, was 
born in the Strong Memorial Hospital, May 1, 1930. The father and mother were healthy 
with negative Wassermanns. The pregnancy had been normal, the delivery spontaneous, 
and at birth the child was apparently normal weighing 2,600 Gm. (5.7 Ibs.). The patient 
was seen in consultation by the pediatricians on May 3 because of vomiting and failure 
to pass urine and meconium. Vomiting started 48 hours after birth. Regurgitation 
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was frequent, occurred immediately after feeding and on some occasions consisted of 
thin brownish fluid containing ‘‘coffee ground” material. 

Physical examination showed a dehydrated female who appeared normal. Abnorm; 
findings were limited to the abdomen which was thin walled and distended in the epi 
gastrium but scaphoid in the lower abdomen. A sausage shaped mass extended diagonally 
across the epigastrium from the left costal margin to the right flank about on a level 
with the umbilicus. Across this mass peristaltic waves were visible, passing usually 
from left to right but occasionally from right to left. The mass was soft and doughy 
The liver edge was palpable 1 cm. below the costal margin. No other masses were 
palpable. Bladder dulness was not increased to percussion. 


Frequently repeated subcutaneous saline infusions were given. A catheter intro 
duced into the rectum passed readily without encountering an obstruction. A small 


amount of normal saline which was introduced was readily expelled and with it a thick 
tenacious plug or cord of meconium 10 cm. in length. Following this more meconium 


was passed. The size of the abdominal mass remained unchanged. On May 4, the 
third day, the signs and symptoms were unchanged. A barium enema showed the colon 
patent and filled up to the hepatic flexure. At this point there was a “redundant loop 
of bowel distended with gas.” The barium did not fill the ascending colon or cecum. 
The patient was first seen by the surgeons May 5, the fourth day, at which time her 
condition was grave. She was almost moribund. Her weight was 2,260 Gm. (4.05 
Ibs.), a loss of 340 Gm. (.74 Ibs.). The temperature was 35° C. The abdominal signs 


were unchanged. 

Operation was performed immediately under ether anesthesia, a right rectus incision 
being made. The stomach and duodenum were tremendously distended, the diameter of 
the latter being about 8 cm. and its walls of tissue paper thinness. The duodenum was 
bound down by abnormal peritoneal bands which were released. The transverse colon 
and stomach were reflected upward and Treitz’s ligament identified. The jejunum 
appeared normal though small, being about the size of an ordinary lead pencil.  Duila- 
tation of the duodenum was found to extend to the third portion at the point where 
the superior mesenteric vessels crossed, these having been reflected upward and any 
possible constricting effect there relieved. Gentle pressure was exerted on the dilated 
duodenum but no gas passed beyond the point of obstruction. It was thus apparent that 
the obstruction was intrinsic in the retroperitoneal portion of the duodenum and due 
either to an occluding membrane or an atresia. Relief of the obstruction depended upon 
a short circuiting anastomosis. Duodenojejunostomy, the logical procedure, was con 
sidered inadvisable and almost impossible due to the thinness and delicacy of the duodenal 
wall as a result of distention. It was questionable if the thinned out walls would hold 
the sutures. A posterior gastro-enterostomy was performed without clamps, using. silk 
sutures throughout. The stoma was approximately 4 to 5 cm. The patient’s condition 
at the end of the operation was poor. 

The immediate postoperative recovery was excellent. The temperature rose to 39° C. 
the day after operation, returning to normal on the third day. Subcutaneous saline 
infusions were given regularly. Feedings were started the day after operation. Thi 
patient vomited once and thereafter feedings were given by gavage; there was no further 
vomiting. She took the bottle on the third day after operation and from then on 
progressed satisfactorily. She regained all weight lost and when discharged 15 days 
after operation weighed 2,620 Gm. (5.7 Ibs.).. A normal stool was passed on the second 
day after operation. Urinary function became normal. A _ gastro-intestinal series two 
days before discharge showed a dilated stomach and a well functioning gastro-enterostomy 
(Fig. 1). 

Unfortunately, it was soon recognized that the patient was a Mongolian idiot. Her 
course from the gastro-intestinal standpoint was entirely satisfactory for one year. 


Irregular attacks of vomiting and diarrhea occurred about a year after operation. These 
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persisted for a period of one or two months and then ceased. In January, 1932, 20 
months after operation, she was readmitted to the hospital with a diagnosis of pneumonia, 
to which she succumbed. 

Postmortem examination showed bilateral bronchopneumonia, acute bronchitis, bi 
lateral otitis media, acute splenic tumor, atresia of the duodenum with complete absence 
of the third portion, a healed, patent gastro-enterostomy and a patent foramen ovale. 

Case 2.—No. 61269. J. L., an apparently normal female, the fourth child, born 
in the Strong Memorial Hospital, May 22, 1932, began vomiting on the fifth day. 
Changes in formula, antispasmodics, etc., failed to relieve symptoms. During the first 
11 days of life the weight decreased from 3,350 Gm. (7.37 Ibs.) to 2,620 Gm. (5.76 Ibs.). 
Physical examination on June 3 was essentially negative except for visible peristaltic 
waves just below costal margins, traveling from left to right, and incomplete closure of 
the umbilicus. A small amount of barium administered the same day showed dilatation 


of the first portion of the duodenum with complete obstruction about the beginning of 
its second part. Adequate fluid intake had been maintained by administration of sub- 
cutaneous saline. 

Operation was performed on June 4. <A tremendously dilated duodenum presented 
itself. The transverse colon was small and occupied its normal position. It was re- 
flected from its normal attachment allowing exposure of the retroperitoneal portion of 
the duodenum which was explored as far as Treitz’s ligament. It was seen that a 
considerable portion of the ascending colon was also retroperitoneal and it was released 
from its retroperitoneal position. A clear view of the entire small intestine was thus 
possible and no obstruction was apparent at any point except where the duodenum 
entered its retroperitoneal position. The retroperitoneal duodenum was small and 
collapsed but appeared normal. The pancreas appeared normal. There were several 
small aberrant pancreatic nodules in the wall of the dilated duodenum. Pressure on the 
dilated duodenum failed to force any gas into the distal retroperitoneal duodenum. The 
duodenum was opened longitudinally at the point of obstruction exposing a diaphragm 
about 2 Mm. in thickness apparently completely blocking the lumen of the bowel. Bowel 
contents were carefully aspirated. A normal bowel lumen was readily demonstrable 
below the diaphragm. The diaphragm was completely removed by monopolar desiccation, 
which adequately controlled all hemorrhage. The intestinal lumen was restored by 
suturing the bowel transversely with silk and reenforcing with mattress sutures of the 
same material (Fig. 2). 

While at no time during recovery was the patient’s condition alarming, considerable 
difficulty was encountered. A 50 cc. transfusion was given following operation and 
numerous subcutaneous saline infusions during the first four days. Vomiting and dis- 
tention were troublesome until the twelfth day postoperative. What feedings were re- 
tained were supplemented by saline infusions. Gastric lavage was used frequently. It 
was not until about two weeks after operation that the patient stopped losing weight 
and began to retain feedings with any regularity. Fluoroscopy showed slight delay in 
emptying of the stomach but free passage of barium along the upper intestinal tract. 
All vomiting finally ceased and the patient was discharged July 13, 1932, on the thirty- 
ninth postoperative day. The weight on discharge was 3,440 Gm. (7.48 lbs.). 

The patient was readmitted on two or three occasions during the next few months 
for coryza, otitis media and on one occasion because of diarrhea and vomiting, neither 
of which was observed during a subsequent five day stay in the hospital. The general 
course has been one of constant improvement and normal development. A_ gastro- 
intestinal series July 6, 1932, a month after operation, showed some enlargement of the 
stomach and dilatation of the duodenum but no obstruction to the flow of barium. In 
December, 1932, at age of six months, she was observed in the hospital for a period of 
six days. She was admitted because of apparent abdominal pain and constipation. 
Thorough study showed no evidence of obstruction. In October, 1933, a year and five 
months after operation, she was readmitted because of intermittent vomiting over a 
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period of two months-~ A gastro-intestinal series at this time showed no definite obstru 


tion. The stomach emptied itself slowly and passage of the barium through the intestin 
tract was slow but no point of obstruction was noted. During 1934 there were no gastri 
intestinal complaints. Illnesses during 1934 consisted of pyuria on two occasions a1 
whooping cough, otitis media again in 1935, also measles and furunculosis. 

Case 3.—No. 35271. E. W., white, male, the third child in the family, age thr 
days, was referred to the Strong Memorial Hospital May 23, 19030, because of persistent 
vomiting since birth. The antecedent history was entirely negative, both parents being 
normal adults. The pregnancy and delivery had been uncomplicated. At birth the patient 
was apparently a normal healthy infant weighing nine pounds. Breast feedings had bee: 
started immediately. Vomiting, projectile in type, started immediately after the first 
feeding and had persisted until the time of admission to the hospital. It occurred 
regularly about 15 minutes after each feeding and apparently the entire feeding was 
vomited. The stools, at first greenish in color, became: slightly yellow on the third 
day. There had been a slight discharge from the left eye since birth. On admission to 
the hospital the patient weighed seven pounds, 14 ounces and physical examination was 
entirely negative except for a slight conjunctivitis of the left eye. Examination of the 
blood presented no abnormalities in the cellular elements. but the chemical analysis 
disclosed a non-protein nitrogen of 74 mg. per 100 cc., while the chlorides were 675 mg 
per 100 cc. Stool examination was negative. Vomiting persisting despite treatment, a 
small amount of barium was given by tube the day after admission and its course fol 
lowed by fluoroscopic examination. The esophagus, stomach and duodenal cap appeared 
normal except that the latter remained filled and very little if any of the barium progressed 
into the distal portions of the duodenum. At the end of an hour practically all the 
barium was still in the stomach, only traces being discernible in the jejunum, which 
showed vigorous peristalsis. The course of the barium was observed at intervals and 
at the end of 19 hours no barium remained in the small bowel, about one-quarter being 
in the ascending colon and the remainder being still in the stomach. It was quite ap- 
parent that the infant was suffering from a partial obstruction of the upper gastro 
intestinal tract distal to the first portion of the duodenum, the exact cause being unde- 
termined (Fig. 3). With the hope that the underlying cause was such that the obstruction 
might eventually relieve itself, operative treatment was delayed. During this observation 
period the infant was given various formulae without any improvement. Dehydration 
was combated by repeated subcutaneous injection of normal saline, 1,200 cc. administered 
over a three day period. 

Operation was performed May 27 under ether anesthesia. On opening the ab 
dominal cavity through a high right rectus incision, the duodenum, somewhat dilated, 
was found to occupy a high position. The stomach and pylorus appeared normal. Above 
the lesser curvature of the stomach in the lesser peritoneal cavity could be seen dilated 
loops of small bowel. The transverse colon and stomach were reflected upward and 
Treitz’s ligament identified. The jejunum was carefully picked up and an attempt made 
by gentle traction to deliver it into the wound. There was a slight resistance which on 
being released, disclosed, in the region of Treitz’s ligament, a dilated segment of jejunum 
which immediately exhibited vigorous peristalsis. At each end of this dilated portion of 
jejunum there were apparent, across the bowel, definite markings, indicative of constric- 
tion. The release of the obstructed segment and its appearance in the wound occurred 
so rapidly that the opening by which it gained access to the lesser peritoneal cavity was 
not identified. The intestinal loops had disappeared from the lesser peritoneal cavity 
and as a rapid examination of the remainder of the gastro-intestinal tract showed no 
other abnormality, the abdomen was closed. 

The postoperative convalescence was entirely satisfactory. There was a moderate 
amount of vomiting during the first 48 hours during which time an adequate fluid intake 
was maintained by subcutaneous administration of normal saline solution. The subse- 
quent course in the hospital was uneventful, the infant retaining the prescribed formula 
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without difficulty. At the time of discharge from the hospital June 3 the infant weighed 
3,480 Gm. (7.65 Ibs.). About two weeks after discharge there occurred a mild gastro 
intestinal upset which was readily controlled by a change of formula. On June 25, the 
patient weighed 4,450 Gm. (0.79 Ibs 

Case 4.—No. 56990. T. C., a white male, age two and one-half months, the sixth 
child, was admitted to the Strong Memorial Hospital January 29, 1032, because of 
convulsions. At birth the patient had appeared normal and weighed nine and one-quarter 
pounds. Projectile vomiting began immediately after birth and_ still persisted at the 
time of admission. It occurred usually soon after feeding. At times it would cease 
for as long as three to four days. Sometimes evening feedings were retained and 


vomiting would occur in the morning, the vomitus under such circumstances consisting 





Fic. 3.—Case 3. The peculiar shadow noted along the lesser curvature is due to 
loop of jejunum herniated into the lesser peritoneal cavity. The faint shadow back of 
the stomach indicates the position of this loop of bowel from its entrance in the pat 


duodenal fossa 


of the feeding of the previous evening. Occasionally it was yellow or green but generally 
it consisted of the food taken at previous feeding. The patient was breast fed for two 
weeks, following which various formulae were tried. Constipation was marked until 
shortly before admission. Three weeks before admission, while feeding, the patient 
suddenly became unconscious, remaining so for five to ten minutes. The evening before 
admission he had the first convulsion, which was repeated several times during the night. 
Following the first convulsion abdominal distention developed. This was relieved by an 
enema. There had been slight jaundice for the first two weeks of life. 

Physical examination showed a well developed but undernourished male infant, lying 
with eyes open and eyeballs rolled upward and rotated to the right. The extremities 
were flexed in a clonic state, but could be extended. Fists were clenched, no cyanosis. 


While palpating the abdomen, the patient suddenly relaxed and the eyes straightened. 
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Respirations were irregular. Suddenly the left arm began to jerk, the hand was again 
clenched and the patient became unconscious. Respirations stopped, the heart beat which 
had been forceful became distant. Artificial respiration stimulated breathing but respira 
tions continued to be shallow. Convulsions continued throughout the examination. The 
heart and lungs were normal. The abdomen was moderately distended with the liver 
edge palpable at the costal margin. The tendon reflexes could not be elicited. There 
was no clonus. Chostek and Babinski were negative. The temperature was normal. 

Laboratory examinations showed: red blood cells, 3,600,000; hemoglobin, 60 per 
cent; white blood cells, 15,200. The platelets were slightly decreased. The differential 
was normal. The urine and stool were negative. Blood chemistry showed calcium 9.6 
mg., phosphate 5.6 mg., chlorides 410 mg., CO. 70 vols. per cent. The Wassermann 
was negative. Lumbar puncture showed a pressure of 15, clear fluid, Pandy negative 
and one cell. 

During the first few days in the hospital the patient’s temperature varied from 
normal to 39.5° C. Vomiting persisted with more or less regularity and was projectile 
in type. Examination of the vomitus failed to reveal any occult blood. The stools 
were watery. Five days after admission a left myringotomy yielded a moderate amount 
of pus. The fluid level was maintained by subcutaneous saline as indicated. Eight days 
after admission a transfusion was given. On February 16, 1932, a roentgenologic gastro 
intestinal study showed some pylorospasm, but more important, a marked delay in 
emptying of the duodenal cap due to some obstruction in the duodenum just beyond the 
cap. The duodenum was found to be in an abnormal position. All possible variations 
of formulae and antispasmodics were tried in spite of which vomiting persisted, and 
even increased in severity and frequency. Despite the patient’s poor condition from 
infection (ears), etc., laparotomy was performed February 26. 

Operation was started under local infiltration which was later supplemented with 
light ether. The stomach and duodenum were distended. Fine filmy peritoneal bands 
crossed the duodenum in several places. The omentum was attached to the duodenum. 
The common duct and pancreas were easily exposed and visualized. The duodenum 
was dilated to the point where the mesenteric artery and vein crossed. The latter were 
incorporated in a constricting band. There was no apparent exit of small bowel from 
this point. Loops of small bowel were visible retroperitoneally in the left side of the 
abdomen. Involved in the above mentioned constricting band were three loops of large 
bowel, part of which were adherent to the duodenum in a retroperitoneal position. The 
cecum and appendix, crossing on top of these loops, were securely fixed by additional 
bands (Fig. 4). Gentle traction on exposed large and small intestinal loops failed to 
release this complicated tangle in any way. The lateral attachment of exposed bowel 
was divided far over on the right side and down to the posterior abdominal wall. It 
then became apparent that the ascending colon and cecum had looped back around this 
lateral attachment. The transverse colon had become attached by a peritoneal band in 
front of the duodenum. By freeing the cecum and appendix it was possible to draw 
out from its retroperitoneal sac the entire small intestine which was collapsed and dark 
blue in color from obstruction of its circulation. By careful dissection down to the 
mesenteric vessels the transverse colon was freed, after which it was possible to untwist 
the small bowel, thus entirely relieving the obstruction. With the untwisting of the 
small bowel it immediately flushed to a bright pink color, indicating the release of the 
obstruction to the blood supply. The small bowel now occupied the entire right side of 
the abdomen and entered directly into the large bowel, which occupied the entire left 
side and was not attached in any way to the posterior abdominal wall. The whole 
gastro-intestinal tract was thus one continuous tube from the pylorus to the sigmoid 
The opening in the small mesentery was closed with silk. The operation was surpris- 
ingly well tolerated. 

The postoperative recovery was entirely satisfactory. Except for some vomiting 
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immediately following operation, feedings were well taken and retained. There was 


slow steady gain in weight. 

Case 5.—No. 107422. J. G., the fifth child in the family, was born prematur: 
in the Strong Memorial Hospital, September 26, 1035. She weighed 2,480 Gm. (5.45 
Ibs.) at birth. Vomiting (regurgitation) began on the third day and became projectil 


in type on the seventh day. It occurred immediately after feeding and consisted of 
the food previously ingested. Thrush which developed on the sixth day was successfull) 
treated. No bowel movement from October 2 to October 7. An enema on October 7 
effected the discharge of some greenish-brown fecal material. There was subsequently 


a normal stool which was guatac positive. Changes in formula, antispasmodics, refeeding 
and gavage failed to control symptoms and the patient continued to lose weight. Or: 
October 7, 1935, at the age of 12 days, the weight was 2,300 Gm. (5.0 lbs.). Frequent 
saline infusions had been given. 


Physical examination at this time showed a small, emaciated, premature infant with 


pinched facies. There was slight cyanosis of lips. The head appeared large in_ pri 
portion to the size of the body and the anterior fontanelle was soft. There were whit 
membranous patches on the inside of each cheek and on the tongue. The umbilicus 


was practically healed and there was slight herniation. Otherwise the abdomen was 
negative. 

A gastro-intestinal series made on October 9 showed the stomach and upper intes 
tinal loops filled with gas. The barium left the stomach very slowly 

Operation was performed October 11 under ether anesthesia through an upper right 
rectus incision. The stomach was large and dilated. The pylorus was normal. The 
duodenum was dilated and was attached throughout its entire length by peritoneal bands 
which ran across the duodenum and transverse colon, anchoring it in several kinks 
making an accordion pleated type of obstruction. The attachment of the transverse and 
ascending colon was freed to the cecum, after which the large bowel was rotated to the 
left and the adhesions between the duodenum and mesentery were carefully divided all the 
way to Treitz’s ligament. This allowed the kinked portion of the duodenum to straighten 
out and assume a normal position. The abdomen was closed with silk 

The postoperative course was satisfactory although somewhat difficult. One trans 
fusion was given postoperatively. Subcutaneous administration of saline and glucose was 
given repeatedly and regularly during the first five days following operation. Vomiting 
occurred irregularly during the first ten days, but there was none thereafter. Her general 
condition improved steadily and at the time of discharge on November 27, aged 62 days, 
her weight was 3,340 Gm. (7.3 Ibs.). 

The child was last seen March 2, 1936, aged five months, at which time she was 
symptom free and weighed 5,840 Gm. (12.8 Ibs.), an increase of 3,440 Gm. (7.4 Ibs.) 
since birth. 

Case 6.—-No. 105930. J. B., a white, female, first child, age 34 days, was ad- 
mitted to Strong Memorial Hospital September 20, 1935, because of persistent vomiting. 
Vomiting began about the ninth or tenth day of life and at first occurred only once 
daily or on alternate days. It always occurred after feedings and was projectile in 
type. Symptoms increased in severity and frequency up to the time of admission despite 
all possible variations in formulae and antispasmodics. Refeeding was instituted suc- 
cessfully, the patient never having vomited after this procedure. Shortly before admission 
peristaltic waves were noted in the epigastrium, passing from left to right. The weight 
had increased 970 Gm. An interesting point in the family history is that one year before 
the birth of the patient, the mother had had an exploratory laparotomy, at which time 
congenital bands causing a partial intestinal obstruction were released. 

Physical examination was essentially negative. The only abnormalities noted were 
areas of capillary hemangiomata over the face and trunk and a somewhat protuberant 
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tbdomen showing peristaltic waves in the epigastrium, coursing from left to right. There 
was some anemia; red blood cells, 3,160,000; hemoglobin, 11.0 Gm. 
Operation was performed September 21, 1935, under ether anesthesia. The stomach 


and pylorus were normal. The duodenum was dilated two to three times its normal size 


and was tightly bound down by a series of peritoneal adhesions. These were freed, 
allowing the duodenum to assume its normal position. The abdomen was closed with 
silk. 


The patient tolerated the operative procedure well. She was given a transfusion 
and frequent subcutaneous saline infusions following operation Feedings were given 
by gavage, the tube being left in place due to the presence of some distension, which 
soon subsided. There were two normal stools on the second postoperative day. The 
patient was discharged on the third postoperative day. Her subsequent course has been 
entirely satisfactory and without symptoms. 

Case 7.—No. 97611. N. B., a white male infant, age two days, was admitted to 
the Strong Memorial Hospital December 21, 1034, for repair of cleft palate and hare 
lip. Physical examination was negative except for the local condition, i.e., complete left 
unilateral hare lip and a complete bilateral cleft palate 

The patient vomited every feeding following admission. Stools consisted mostly of 
meconium with a small amount of formed stool. Changes in formulae and antispasmodics 
vere without avail. Five per cent glucose was given subcutaneously several times each 
day. Four days after admission, on December 25, a small amount of barium was given. 
Fluoroscopy showed marked gastric retention with only a minute amount of barium 
passing through the pylorus. Most of the barium was still present in the stomach after 
three hours. There was no dilatation of the duodenum. Conservative treatment was 
continued without any improvement until December 28, when operation was performed. 


Operation was started under local infiltration, but it was necessary to change to 


drop ether in order to adequately explore the abdominal cavity. The stomach, pylorus, 
and duodenum were normal. The colon was reflected upward and Treitz’s ligament 


identified. Just beyond Treitz’s ligament was a marked twisting of the upper jejunum 
due to hyperperitonealized bands. Salt solution injected into the stomach flowed readily 
through the pylorus and the duodenum but stopped at Treitz’s ligament. The peritoneal 
bands were divided, releasing the intestinal kinking. There still seemed to be an obstruc- 
tion at one point. A membrane obstructing the lumen was suspected and the bowel was 
opened longitudinally. No intrinsic obstruction was found and the opening was closed 
by suturing transversely. The injected saline then flowed readily beyond this point. 

The patient continued to vomit for three days following operation during which 
time numerous glucose and saline infusions were given. Beginning on the fourth day, 
feedings were well taken and retained except for an occasional attack of vomiting 
Feeding of course was difficult due to the cleft palate. However, the patient’s condition 
improved steadily so that by January 15 the cleft premaxilla was approximated by silver 
wire under ether anesthesia. The patient expired suddenly at 5 p.M. the day of operation. 

Postmortem examination, besides a large frothy bloody mucous mass filling the pos- 
terior pharynx, showed focal areas of bronchopneumonia, acute bronchitis, subpleural 
ecchymoses, and hemangiomata of the tricuspid and mitral valves. 

Case 8.—No. 83404. B. C., white, female, age ten months, was first admitted to 
the Strong Memorial Hospital, December 20, 1933, at the age of four months because 
of persistent vomiting since birth. The vomiting occurred as often as five to six times 
per day, three to four hours after feeding, and was not projectile. The vomitus con- 
sisted of curdled, partially digested milk, and did not contain bile. The amount varied 
considerably but for the most part represented only a small amount of the previous 
feeding taken. Stools had been normal. Physical examination was entirely negative. 
The blood and urine were normal. Fluoroscopy of the intestinal tract after barium 
showed a large atonic stomach with marked delay in emptying. She was readmitted 
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Fic. 5.—Case 8. Roentgenogram showing passage of barium into small intestine, but delay in 
an egg-shaped loop seen through the gas filled stomach. 





Glands Small int. 
Fic. 5a.—Case 8. The condition found at operation explains the queer egg-shaped 
shadow in the roentgenogram. This is a torsion and plication obstruction freed by releasing 


the bands. 
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for the same symptoms on June 11, 1934, having been carried along on a medical 
regimen during this time. Vomiting was less frequent. On one occasion peristaltic waves 
were seen. However, for a week or two prior to admission vomiting increased and 
the patient lost one pound in one week. In the interim, symptoms had changed somewhat. 
Vomiting frequently occurred immediately after feeding, and at times was projectile in 
type. Bile had been present in the vomitus on two occasions. There had been increasing 
constipation. 

Physical examination showed no abnormalities. Abdominal examination was nega- 
tive. The blood and urine were negative. Examination of the gastro-intestinal tract 
after the injection of barium showed no dilatation of the stomach but considerable delay 
in emptying, a fairly large amount being present after six hours (Fig. 5). 

Operation was performed June 13, 1034, under ether anesthesia, a right rectus 
incision being made. The stomach and first portion of the duodenum were dilated. 
The transverse and ascending colon were freed from the lateral abdominal wall and 
rotated to the left, giving a good exposure of the retroperitoneal duodenum. In the 
third portion of the duodenum behind the mesentery there was a longitudinal torsion 
of the intestine in two places, caused by hyperfixation. The duodenal attachments were 
freed in these places allowing the duodenum to straighten out. Gas promptly passed 
into the first portion of the jejunum. The abdomen was accordingly closed (Fig. 5). 

The postoperative course was satisfactory though somewhat difficult. Subcutaneous 
saline infusions were given as indicated. Feeding was resumed the evening of the day 
of operation. Vomiting occurred at irregular intervals, but never was persistent or 
alarming. The patient was discharged from the hospital 15 days after operation in 
excellent condition. 

The patient was last seen October 23, 1935, one year and four months after opera- 
tion. Her condition was excellent and development had been normal. The only vomiting 
spell noted since the first two weeks after discharge was associated with an acute upper 
respiratory infection. 

Case 9.—No. 80644. R. S., a baby boy, was born in the Strong Memorial Hospital 
May 21, 1934. He appeared normal. The birth weight was 6.9 Ibs. In the first few 
days of life he vomited mucus on several occasions. Upon nursing at the breast he 
regurgitated small amounts after each feeding. On the fifth day he vomited once force- 
fully. The stools were entirely meconium for the first three days and there were no 
stools for the next two days. The weight dropped till on the fifth day it was 5.4 Ibs. 
He became jaundiced and dehydrated. General examination was negative. The physi- 
cians thought that he might have pyloric stenosis and dehydration jaundice. He was 
given repeated saline infusions. Several different formulae were tried. Atropine I :1000 
was used, one drop before each feeding. In spite of this the vomiting continued and 
on one occasion it contained a small amount of blood. He was given one teaspoonful 
of barium in two ounces of his formula and observed under the fluoroscope. The 
mixture seemed to be delayed at the cardia for some time and was then regurgitated. 


An esophagoscope was accordingly passed through the cardia and no obstruction was 


encountered. The pediatricians then placed the child on a thickened formula, each 
feeding being preceded by gastric lavage. The vomiting seemed to become less in amount 


for a time. This period of apparent improvement was followed by recurrence of symp- 
toms in a more severe form. It was necessary to give daily infusions. An abscess 
developed, at the site of one of these infusions, in the left axilla. A second barium study 
did not give information of value concerning the upper gastro-intestinal tract but small 
flecks of barium given seven days previously were observed in the rectum, indicating 
that obstruction was not complete. The child passed small stools containing bile daily. 
He did not gain in weight but remained at about 6.6 lbs., being supported by daily in- 
fusions. No peristaltic waves were observed at any time and no tumor was made out 
by palpation. A diagnosis of partial obstruction in the duodenum either due to atresia 
or faulty attachment was suggested by the surgeons. Exploration was carried out June 
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19, 1934, under drop ether anesthesia. The stomach and the first portion of the duodenun 
were distended. The pylorus was normal. The right transverse colon was freed fron 
its peritoneal attachments from the midline to the hepatic flexure. Further mobilization 
was made down to the cecum and the whole right colon was then retracted toward the 
left, allowing exposure of the root of the mesentery. There were a series of angulations 
in the retroperitoneal duodenum where peritoneal attachments produced an accordion 
pleated effect (Fig. 6). These bands were released and the duodenum traced until it 
emerged into jejunum under the mesenteric vessels. There were no signs of atresia. 
Closure was made in layers with silk. 

Convalescence was complicated by continuation of vomiting in small amounts, but 
a gradual improvement was effected by careful regulation of his formula. He was 
discharged in good condition September 17, 1934, at which time he weighed 9.7 Ibs. He 
was in the hospital in November, 1934, for otitis media. His weight at this time was 
11.1 lbs. A _ bilateral myringotomy was done with relief. On February 28, 1935, he 
was admitted to the hospital because of a con- 
junctivitis and an acute purulent left otitis 
media. He was taking his food without 
trouble. His weight was recorded as 15.1 Ibs 


The baby was examined again on April 22, 


i i ES CERNE TNNS 1936. He was eating and sleeping well. He 
Migr re as & aM . ; : 


was regarded as normal. His weight was 
22.6 Ibs. at this time. 

Case 10.—No. 7953! M. M., a white 
female infant, third child, seven weeks old, 
prematurely born, was admitted to the Strong 
Memorial Hospital September 8, 1933, because 
of persistent vomiting since birth. Three 
hours after birth the baby “threw up red stuff” 
according to the mother. The character of 
the vomitus remained unchanged for four 


days, following which it consisted only of 





feedings previously taken. The symptoms 

3%4 portion of duodenum persisted despite all possible changes in 
Fic. 6.—Condition found at operation in Case formulae and antispasmodics. The vomiting 
9. This is an “‘accordion-pleated”’ obstruction due occurred immediately after each feeding and 
to hyperfixation. ; 3 , . mn 
had consisted of a substantial portion of the 
feeding. Vomiting was definitely projectile. Constipation was marked, the infant having 
but one small yellow formed stool per day. The weight on admission was the same 
as the birth weight, 2,600 Gm. 

Physical examination was entirely negative except for undernourishment and a 
palpable liver and spleen, each of which was 1 cm. below the costal margin. Laboratory 
examination showed some anemia; red blood cells, 3,700,000; hemoglobin, 80 per cent. 
The urine was negative. The Wassermann was negative. 

All possible conservative measures were tried. The vomiting persisted, and even 
increased in frequency and amount. On one occasion four days after admission peri- 
staltic waves were seen in the epigastrium passing from left to right. This was noted a 
second time on September 18. Gastro-intestinal fluoroscopy showed retention, no barium 
leaving the stomach during an hour and a half of observation. By this time the child’s 
general condition appeared worse than on admission and laparotomy was performed for 
relief of pyloric obstruction. 

Operation.—September 21, under ether anesthesia. A small right rectus incision was 
made. Because the stomach was dilated, the pyloric muscle was divided although no 
true tumor was present. Although an adequate explanation of the vomiting was not 
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Fic. 7.—Case 11. Anteroposterior and lateral roentgenograms. Showing dilated 


stomach with folding of antrum and duodenal ca 


of the normal duodenal curve. 


) into posterior position. There is a twist 
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demonstrated, the operation was terminated at this point because of the extremely poor 
condition of the patient. 

Following operation the patient was given a transfusion and subcutaneous. salin 
During the first week after operation the patient’s condition improved and vomiting 
was only occasional. However, beginning on the eighth day vomiting again becam« 
regular and frequent and on the following day coffee ground material, which gave 
3+ benzidine reaction, was vomited. A second transfusion was given. The patient 
vomited blood a second time. Her general condition was poor. The weight on Octobe: 


3 was 2,550 Gm. 
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Fic. 7a.—Case 11. The condition found at operation explains the 
roentogenographic appearances. The obstruction in this case was 
due to a band running from the duodenum to the third part of the 
duodenum and colon. 

A second laparotomy was performed October 4 under ether anesthesia, the previous 
incision being opened and considerably enlarged. The stomach was dilated. The cecum 
and appendix were in close approximation to the second portion of the duodenum to 
which they were attached by peritoneal bands which caused a kinking and obstruction 
of the duodenum. These bands were divided, releasing the cecum, which was placed 
in its normal position. A systematic exploration of the entire small bowel showed 
other peritoneal bands. About four inches from the ileocecal valve other peritoneal 
bands were found. These involved the ileum and transverse colon in a complicated knot 
which was released by division of the bands. About six inches proximal a similar 
condition was found. At Treitz’s ligament there was found a triple twist of the bowel, 
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causing a loop to kink upon itself with an acute angulation when it entered a retro- 
peritoneal position before emerging into the first portion of the jejunum. This portion 
of the intestine was intimately associated with the blood supply and consequently it 
was difficult to straighten it out. After correcting this last abnormality, it was noted 
that there was a three inch opening in the mesentery of the transverse colon, a con- 
genital defect, as the edges were smooth and regular and contained the blood supply. 
This rent was carefully closed, following which the intestines were returned to the 
abdominal cavity and the wound closed 

The patient tolerated the operation extremely well considering her previous poor 


condition and the unavoidable shock associated with the manipulation. She responded 


well to an immediate transfusion. There continued to be vomiting but in general it 
was less frequent and regular and not projectile. The amount vomited was small. Her 
convalescence was retarded by numerous recurrent upper respiratory infections. — In 


December bilateral otitis media was responsible for a temporary set back. Despite the 
occasional vomiting, however, the patient showed a general tendency to improve. Her 
weight increased slowly but steadily, on a moderately thickened formula, and at the time 
of discharge January 12, 1934, she weighed 4,300 Gm., an increase of 1,700 Gm. over 
her weight on admission. She was last seen a month after discharge, at which time 
she weighed 4,660 Gm. During the month she had vomited three or four times. 

Case 11.—No. 110306. W. B., a baby girl, was admitted to the Strong Memorial 
Hospital December 26, 1935, because of vomiting. She was two weeks old at this time. 
The mother had had an uncomplicated pregnancy and no difficulties at delivery. The child's 
birth weight was 9 Ibs. She was the tenth child in the family. Three of the children 
before this one had had vomiting, controlled by thickened feedings; one sister had died 
in infancy from vomiting and diarrhea of two months’ duration after many different 
types of feeding had been tried without success. The present child was fed on the breast 
for only a few days. A breast pump was then used and the milk fed by bottle. On the 
tenth day a dilute whole milk formula was substituted for the mother’s deficient milk 
supply. Vomiting was infrequent during the first two weeks. Every feeding was fol- 
lowed in 15 or 20 minutes by a moderate sized well formed stool. Five days before 
admission the baby became constipated. Stools were obtained only by glycerine supposi- 
tories. This child had lost one pound in weight. Examination showed nothing remarkable. 
She was given a modified formula and sent home. Within the next week she had diarrhea 
and a marked mastitis was present. She had projectile vomiting on January 7, 1936, and 
was readmitted January 8. 

A suggestion of peristaltic waves in the epigastrium was made out by one observer 
and confirmed by several others during the next few days. She was placed on thickened 
feedings. Atropine was tried also but had to be discontinued. The baby continued to 
vomit and had diarrhea for several days. The symptoms then let up and she gained 
slightly in weight. She was discharged January 20, 1936. After being home for only a 
few days, there was a recurrence of symptoms. She regurgitated small amounts after 
each feeding; had six or more slimy movements a day; cried constantly when awake; 
and acted very hungry. The mother was reluctant to have her in the hospital but was 
worn out by the care of the baby during the next ten days. Accordingly the child was 
readmitted January 31, 1936. Peristaltic waves were easily made out after she had taken 
a few swallows of water. Ina few days all her vomiting and diarrhea had been controlled. 
\rrangements were made to continue the treatment at home under supervision of a public 
health nurse. She was discharged February 6. She retained most of her food during the 
next ten days. And gained weight up to 10.2 lbs. But ten days later she had lost a little 
because of vomiting, with alternating constipation and diarrhea. <A gastro-intestinal 
barium study was made March 2. She was three months old at this time and had not 
gained an ounce in the last month. The stomach was greatly distended and atonic. It 
folded back on itself over the pyloric region so that the antrum and pylorus were pointing 


toward the left and posteriorly. The duodenum occupied a peculiar twisted position. The 
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obstruction was partial since only half the barium remained in the stomach after four 
hours. The diagnosis of faulty fixation of the duodenum on the mesentery with partial 
obstruction to the stomach was made (Fig. 7). 

At operation under drop ether anesthesia March 9 a greatly dilated redundant stomac! 
was found. By gentle traction on the stomach the antrum and pylorus were exposed. The 
pyloric ring was in spasm which gave the impression of a hypertrophic stenosis, but it 
soon relaxed. The first portion of the duodenum was slightly larger than normal. On 
exposing the mesentery by freeing the transverse colon, it was evident that the large bowel 
had not migrated completely to the right side but was attached just beyond the midline in 
the region of the gallbladder. The gallbladder was large, and a well defined cystocoli 
membrane ran across it to the hepatic flexure region of the colon causing a torsion of the 
descending portion of the duodenum which was caught in this membrane. On freeing it 
the duodenum straightened out (Fig. 7a). The duodenum was traced all the way to its 
emergence from under Treitz’s ligament without finding any other anomaly. Closure was 
made in layers with silk. Postoperative course was satisfactory. There was no vomiting 
Feedings were resumed rapidly and the patient was discharged March 23, 1036. She 
weighed 11 Ibs. at this time. She has had no symptoms since operation. She takes 
five to six ounces five times a day and is still not quite satisfied. Her weight at 442 months, 


on April 16, 1936, was 12.4 lbs. 


Symptons and Signs—The most constant symptom presented by every 
one of these patients is vomiting. It may have been noted a few hours after 
birth. Usually, however, it is observed only after the first feedings. The 
vomiting is usually fairly regular. It may occur immediately after a feeding 
or not till some time within three to four hours. In most cases it begins 
mildly but progresses to a more violent projectile type as time goes on. 
Vomiting may be irregular with free intervals of apparent improvement, 
or it may become steadily more frequent. The vomitus may consist simply 
in the ingested material, water, milk curds, mucus, or it may contain “coffee 
ground” material, or blood as noted in Cases 1, 2, and 11. In a doubtful 
case the presence or absence of bile in the vomitus has been used as evidence 
of an obstruction above or below the bile papilla. We have not found this 
examination very valuable; in fact, in this series, chemical or microscopic 
tests of the vomitus have scarcely ever been recorded. 

The presence of blood or “coffee ground material” in the vomitus is con- 
sidered pathognomonic of duodenal atresia or stenosis. On the other hand, 
the presence of bile in the vomitus is not a reliable diagnostic sign in local- 
izing the obstruction as it has been demonstrated that enough bile can find 
its way through the microscopic openings to be readily detectable. Also, as 
Cordes pointed out, accessory bile ducts may be present entering the intestine 
above and below the obstruction. The detection of bile in the meconium is 
likewise subject to misinterpretation for the same reasons and also because 
of the fact that, while bile secretion begins normally about the third month 
of gestation, these congenital obstructions may not develop until much later. 
Consequently, despite a complete obstruction below the ampulla of Vater, 
the first bowel movements after birth may and often do contain bile which 
has reached the lower intestine before the establishment of the obstruction. 
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While normal meconium may be obtained, complete obstipation and absence 
of milk stools is the rule. If bile is present in appreciable amounts in 
the vomitus it aids in the differentiation, being absent in pyloric stenosis. 

As a sequel to the vomiting there may result an upset in the bowel 
elimination. The usual trouble is constipation with a tendency towards small 
dry stools. Occasionally diarrhea has occurred; and alternating periods of 
constipation and diarrhea. In a number of cases the stool has been normal. 
Some of these obstructions are only partial in nature so that no absolute rule 
can be formulated. Blood was recorded in the stool examination in only one 
instance. 

When the vomiting has been persistent, the baby either loses weight 
rapidly, or he fails to gain under the best of supportive treatment. The 
weight loss in some instances has been as high as one-quarter of the original 
birth weight in ten days to two weeks. But it is remarkable that these new- 
born babies can be carried along for a considerable period, just as adults can 
he in high obstructions, provided that adequate water and salt are supplied. 
In some cases where the vomiting has not occurred after every feeding the 
babies have even shown some slight gain in weight. This is usually a testi- 
monial to the care and skill of the attending pediatrician. 

Upon examination the signs of dehydration are frequently observed. 
These babies appear puny and cyanotic when severely ill. The infants may 
also show other developmental abnormalities (Cases 1, 6, and 7), or may be 
prematurely born (Cases 5 and 10). Peristaltic waves passing from left to 
right have been seen at some stage in examination of these infants in a 
majority of instances. In Case I a tumor was visible occupying a transverse 
position. When vomiting has been severe there may be signs of alkalosis, 
manifested by tetany and convulsions. 

Course—The pediatricians attempt to regulate the feedings of these 
babies by varying their formulae; substituting different materials ; changing 
the frequency or consistency of the feedings; feeding by tube; expressing 
air from the gastro-intestinal tract and refeeding; and the use of antispas- 
modics. In some instances the babies are found to be habitual air swallowers 
and regurgitators and must be broken of the habit. Rarely, there also 
seems to be a protein sensitiveness to milk in some infants. Fluids and salts 
can be supplied parenterally as necessary when the vomiting is not controllable 
by other means. Transfusions may be of value. ‘We cannot praise too 
highly the skill and resourcefulness of our pediatric staff in the manage- 
ment of these infants. When, in spite of all efforts, vomiting continues, an 
attempt to localize the lesion accurately by roentgenologic examination seems 
warranted. 

Roentgenologic Examination.—Although it is admitted that a barium mix- 
ture should not be used above an obstruction, we have made use of a thin 
mixture of barium in most of these cases. The information which it gives 
us in this group seems to outweigh its disadvantages as we have decided to 
operate usually in any case because of the persistence of symptoms. The 
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barium can be evacuated by lavage or by vomiting when operation has to 
be delayed for any reason. In Cases 1, 2, and 4 characteristic dilated atoni: 
stomach and duodenum shadows indicated that the obstruction was near the 
third portion of the duodenum (Figs. 1, 2, and 4). In Case 3 a peculiar 
sausage shaped shadow along the lesser curvature attracted our attention. 
This child was thought to have hypertrophic pyloric stenosis until the roent 
genogram helped us visualize the true lesion. The parallel shadows of this 
herniated loop can be seen through the gastric shadow on this one film of 
the series (lig. 3). Roentgenograms in Cases 5, 7, and 9 showed delay in 
gastric emptying but gave no other help in the diagnosis. In Case 8 the 
dilated duodenum showed retention and a clear rounded outline after the 
barium had left the stomach. It clearly indicated that the partial obstruc 
tion was in the duodenum behind the stomach (Fig. 5). In Case 11, by use 
of the lateral view, it was possible to recognize that the greatly dilated 
stomach had folded back upon the pyloric antrum; and that there was a 
peculiar angulation in the duodenal loop leading away from this region (Fig. 
7). We think that this information together with the fact that it sometimes 
shows that obstruction is not complete is of value to us. We have never yet 
seen any deleterious effects from the use of this method. 

Differential Diagnosis —The only real problem in diagnosis is to differ- 
entiate these cases from those of congenital hypertrophic pyloric stenoses. 
Congenital hypertrophic pyloric stenosis usually occurs in males and usually 
in the first born child in the family. The onset of vomiting is rarely at 
birth. It usually appears some time during the second to the sixth week. 
In a majority of cases the vomiting increases in severity, becoming projectile 
in character. Peristaltic waves passing from left to right can be made out 
in about three-quarters of the cases. A palpable tumor can be felt with 
varying success, this depending to some extent upon the importance attached 
to it by the examiner. The other symptoms and signs—loss of weight, de- 
hydration, alkalosis, constipation and scanty urine are common to the two 
conditions. A study of congenital hypertrophic pyloric stenosis in our clinic 
showed that it occurred in males in 90 per cent; that it had been noted in 
the second child in the family once; in the third child twice; and once in the 
sixth child of the family; that vomiting started at birth in one instance; and 
that it did not start till two months of age in another; the rest of the cases 
following the rule; that peristaltic waves were observed in 80 per cent; and 
that a palpable pyloric tumor was made out in just half of the cases. In 
our cases of congenital obstruction there were seven females to four males. 
The majority also were not the first born in the family. There was one 
first born girl and three other possible first born babies though this point 
was not stated in the history. The others ranged from the third to the 
tenth child in the family. The vomiting came on early—usually before the 
first week, sometimes during the first day, and often following the first in- 
gestion of anything. Two of the children were prematurely born; and three 
showed other congenital abnormalities. Peristaltic waves were made out in 
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seven of the If cases but no tumor was palpated in any of them. The 
roentgenogram had diagnostic value in six of the 11 cases. It would appear 
from this review that we should look with suspicion upon any baby which 
starts vomiting during the first week of life, especially if of the female sex 
and with other signs of congenital anomalies. If no relief can be obtained 
by medical measures we should be prepared to give a thin barium mixture 
for roentgenologic appraisal of the cause. The presence of peristaltic waves 
with the absence of a palpable tumor might be regarded as of some signifi- 
cance in helping to make the diagnosis. The presence of bile or blood in the 
vomitus would be in favor of some lesion other than hypertrophic pyloric 
stenosis. 

Intussusception can be ruled out by its usual onset still later in life than 
that of hypertrophic stenosis; and by the typical acute picture it presents. 

Strangulated inguinal hernia must sometimes be differentiated but in our 
experience this has not been difficult. 

Prognosts.—Intestinal obstruction in the new born due to congenital ab- 
normalities is not uncommon. The fact that a large percentage of such cases 
reported in medical literature is based on postmortem examination is evi- 
dence of the extremely high mortality associated with this condition. A uni- 
versal appreciation of the comparative frequency of its occurrence will tend 
to improve results as the unfavorable outcome in many instances is directly 
attributable to incorrect diagnoses or to diagnoses established too late for 
surgical intervention to be successful. 

In a certain percentage of cases of intestinal atresia (15 per cent accord- 
ing to Davis and Poynter), the congenital defects are multiple and beyond 
the aid of surgery. Furthermore, many of the defects occur in the duodenum 
and upper jejunum (194 of the 392 cases in the series of Davis and Poyn- 
ter), thus placing them in the category of high intestinal obstructions. This, 
superimposed upon the fact that the new-born infant is not a good operative 
risk, mitigates against improvement in results in such cases. Admitting a 
necessarily high mortality upon the basis of these facts, there still remains 
a definite percentage of fatal results which can, conceivably, be eliminated 
by early correct diagnosis and the prompt institution of surgical treatment. 
An organic mechanical obstruction demands early operation for its relief. 
Since many of these congenital defects are amenable to operative treatment 
and this fact can be established only at the time of operation, all cases so 
diagnosed should be given the opportunity of relief which only operation 
affords. 

The prognosis 1n cases of congenital occlusion of the small intestine is 
extremely poor. The first successfully treated case is credited to Ernst! 
who operated upon an infant ten days old for congenital duodenal atresia, 
relieving the condition by a “duodeno-entero-anterior anastomosis.” Eleven 
months postoperatively the patient was progressing normally. In 349 pub- 
lished articles there are reports of 29 cured cases: 15, in which the obstruc- 
tion was due to malrotation, and 14, in which the obstruction was intrinsic, 
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atresia or stenosis.” In the 60 cases reported by Ladd the mortality was 
70 per cent. The mortality in cases of malrotation was 55 per cent (nine 
cured of a total of 20 cases) and in cases of intrinsic obstruction it was 8o 
per cent (eight cured of a total of 40 cases). These results showed a great 
improvement when one considers the statement of Thorndike’ who placed 
the mortality of congenital duodenal atresia at 99 per cent. In the present 
group of 11 cases there has been only one death, a mortality of 9 per cent. 

The prognosis in cases of congenital anomalies about the mesentery de- 
pends to a large extent upon the alertness of the attending physician. These 
babies can stand a considerable amount of fluid and salt loss if it is com 
pensated for by parenteral medication. It is also true that in some cases the 
obstructions are only partial so that the baby gets some nourishment. When 
the child loses weight or fails to gain because of the amounts lost by vomit- 
ing, steps should be taken to correct the underlying fault if possible. The 
surgeon also must bear his share in getting these babies by the operation. 
This requires gentle handling of tissues more than any other single thing. 
The fate of these babies depends then upon the preoperative condition—a 
reflection of the care given by the attending physician; the operative manipu- 
lation and judgment—a reflection on the care of the attending surgeon; and 
the continued combined efforts of both physician and surgeon in the post- 
operative follow up. In our series the results have been excellent. All the 
babies have been carried through the operation to relieve their obstructions 
without a fatality. There have been two deaths, one almost two years after 
the operation, from pneumonia; the other as the result of a second opera- 


tion for cleft palate two weeks after the duodenal obstruction had been 


relieved satisfactorily. This baby was a great feeding problem which forced 
action against better judgment. The postmortem examination showed 


bronchopneumonia which may well have been due to aspirated food. 
Treatment.—Preliminary preparation for operation is exceedingly im- 
portant. Loss of weight and dehydration must be combated by restoring the 
water balance. This may be done by the intravenous, intraperitoneal or sub- 
cutaneous routes. Blood, water, glucose and salt may be used as circum- 
stances require. We usually fluoroscope these infants to see whether an en- 
larged thymus is present. If so, operation would be delayed for a few 
days following roentgen therapy. Usually no preoperative drugs are neces- 
sary. Occasionally atropine in 1/400 to 1/200 gr. doses is given. We have 
used local infiltration in the past but when there has been crying, straining 
and evisceration of the bowels, so much damage has been done in restoring 
the viscera to the peritoneal cavity that we have abandoned this practice. 
Drop ether carefully given by a well trained anesthetist, we believe to be the 
anesthetic of choice. A very small quantity will often suffice. Most writers 
agree that babies do not stand hemorrhage, shock or infection well.’ °° ?! 
For these reasons during operation there must be most careful hemostasis ; 


gentleness in handling tissues; lack of exposure to prevent heat loss; and 


progession without delay so that a minimum of anesthesia is necessary. 
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Emphasis should not be placed on speed in these operations. Babies will 
stand operations well for one and one-half hours or longer if necessary. 
tlowever, the more time that a surgeon can save, without sacrificing gentle- 
ness, the better. Respect for the tissues is by far the most important factor 
in these operations. The flashy, speedy, rough surgeon will not do well with 
these patients. Abdominal closure is made in layers with fine silk. We have 
had no disruption of these wounds and no infection. The dressing is made 
light and sealed in with waterproof adhesive. 

In congenital absence of a segment of duodenum, obviously the relief of 
the obstruction by operation is the only treatment possible. A short. cir- 
cuiting operation, duodenojejunostomy or gastro-enterostomy, is the logical 
procedure. The choice between these two procedures will vary with the 
operator and the conditions encountered in the individual case. In those 


cases in which there is a diaphragm stretched across the lumen of the bowel, 





omack 
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\ / 
Fic. 8 (1 and 2).—Represents the operative approach to the root of the mesentery. The trans 
erse and ascending colons are freed from their lateral attatchments and the retroperitoneal duodenum 
exposed, he condition illustrated in 2 was present to some degree in Cases 5, 6, 7, and 10 


longitudinal incision of the intestine, removing the diaphragm and transverse 
suturing, as proposed by Morton!’ and performed by Petersen,!® should be 
seriously considered as being a simpler procedure than intestinal anastomosis. 
However, it is often difficult to definitely establish the presence of such a 
diaphragm. Under no circumstances should an enterostomy (jejunostomy ) 
be performed, as it is only a palliative procedure which is not well tolerated 
by infants. In those cases in which it has been done a rapid death resulted. 
Clogg!’ has made a valuable suggestion that, in as much as congenital in- 
testinal defects are prone to be multiple, one should inject fluid into the 
collapsed bowel below the obstruction, forcing it along to discover the pres- 
ence of any additional defects. This possibility should always be kept in 
mind, as it might easily condemn to failure what otherwise would be an 
entirely successful operation. 

The operation of choice for the extrinsic anomalies due to faults in mi- 
gration, descent, and fixation, is not to attempt a gastro-enterostomy or 
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entero-enterostomy as has been done so often in the past. The surgeon 
should realize that this is the type of obstruction which can be successfull) 
untangled if he knows how to get at it. The best way to unravel th 5 
puzzling anomalies is to get a clear view of the mesentery. This can be 
done only by detaching the transverse and ascending colons from the parietal 
wall and rotating them toward the midline, which gives excellent access to 
the root of the mesentery (Fig. 8). This operation we had worked out 
independently in our clinic only to find that Ladd had been using the identi- 
cal procedure. We believe that this operation will result in a decided im- 
provement in the operative mortality in these extrinsic anomalies. It stands 
in much the same relationship as the division of the pyloric sphincter did to 
cases of pyloric stenosis with the consequent abandonment of the previous 
posterior gastro-enterostomy operations. 

The surgeon should not enter the abdominal cavity with a preconceived 
idea that he is going to undertake a certain procedure. It is most difficult 
to abandon the plan to fit circumstances which may not demand it. It is 
especially difficult not to wish to simply divide the pyloric muscle in some of 
these cases. 

After operation special nursing care is of great importance. The baby 
must be kept warm, but not so hot that he will lose his fluids through per- 
spiration. Cold draughts must be avoided. Fluids should be restored again. 
Codein may be used for pain. Distention should be combated with stupes, 
rectal tubes and later enemata. Babies do not stand pain and distention 
well. Their reactions to these are violent and alarming. Lavage may also 
be necessary. Acidosis may be prevented by the use of glucose. The baby 
should be restored to his normal environment as rapidly as his condition 
warrants. His dressings must be kept dry, especially during the first week. 
Measures should be taken to seal off the urinary tract from the operative 
site by suitable apparatus. It is a pleasure to acknowledge the close coopera- 


tion of Dr. Samuel Clausen and his staff in the after care of these patients 
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SPLENECTOMY FOR HEMOCLASTIC CRISES* 
GEORGE M. Curtis, M.D., Cuartes A. Doan, M.D., 
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CoL_umBus, Onto 


FROM THE RESEARCH SERVICE OF THE UNIVERSITY HOSPITAL AND THE DEPARTMENT OF MEDICAL 
AND SURGICAL RESEARCH, THE OHIO STATE UNIVERSITY, COLUMBUS, OHIO 


DuRING the clinical course of certain blood diseases, namely, congenital 
hemolytic icterus and thrombopenic purpura, there occur episodes of in 
creased blood destruction. These are known clinically as “‘crises.”” They 
may develop spontaneously or be precipitated by various environmental factors. 
In congenital hemolytic icterus the increased destruction affects chiefly the 
erythrocytes. In thrombopenic purpura there may be an increased destruc- 
tion of thrombocytes. Although splenectomy is ordinarily the treatment of 
choice in the more chronic stages of these hemoclastic dyscrasias, it has been 
11, 12, 13 


thought,” *: and it is the accepted surgical teaching? * ® * ! at the 


present time, that the acute exacerbations are a direct contra-indication to 
splenectomy. er 5 

Previous studies within our group’ '* ™ have provided evidence which 
incriminates the spleen as one*of’ the principal factors in the~physiologic 
control as well as in the pathologic destruction of the circulating blood ele- 
ments. If such be the case, then, during exacerbations of splenic activity, 
even to the extent of “crisis” proportions, removal of the spleen is not only 
desirable, but in many instances may become essential to survival. Never- 
theless, the risk involved in undertaking any major abdominal operation 
with a total red count rapidly approaching the one million mark, has, hereto- 
fore, interdicted splenectomy under such circumstances. 

In addition to the conviction that the major role was played by the spleen 
in the diseases under discussion, our early studies revealed, as a part of the 
postsplenectomy mechanism, an immediate marked postoperative rise in both 
the red blood cells and platelets, which amounted essentially to an auto- 
transfusion. The specificity and significance of this response have been dis- 
cussed! and form the basis for our having undertaken a series of splenec 
tomies during active hemoclastic crises without as yet encountering one 
operative fatality. 

It is the purpose of this paper to present the pertinent clinical evidence 
from eight patients each successfully splenectomized during an acute hemo 
clastic crisis. Six of the patients had congenital hemolytic icterus; two had 


thrombopenic purpura. 

* Read by title before the American Surgical Association, at Chicago, IIl., May 7, 
1936. 

Submitted for publication May 15, 1936. 
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CASE REPORTS 
CONGENITAL HEMOLYTIC ICTERUS 


Case 1.—H. S., a mail carrier, age 50, was admitted to the Research Service of 
the University Hospital, December 4, 1033, presenting splenomegaly, severe epigastric 
pain and deep jaundice. 

As a boy he had noted his sallow skin. He was advised also of an anemia, and 
was aware that he fatigued easily. About 20 years ago he was diagnosed as having 
‘splenic anemia.” He had already noted the mass in his upper left quadrant. He was 
hospitalized, about 19 years ago, for what appears to have been a subacute exacerbation. 
Splenectomy was advised at that time but was not accepted. Since then, he has pre- 
sented the characteristic picture of chronic congenital hemolytic icterus. During the past 
three years the disease has gradually become. more severe, and in addition, mild symptoms 
of cholelithiasis have appeared. 

On November 29, 1933, while delivering mail, he experienced acute, severe epigastric 
pain, which disabled him. Jaundice became evident the next day, and grew progressively 
deeper. His food intake was decregsed and an unusual weight loss ensued. An associ- 
ated acute hemoclastic crisis was suspected, and he was referred to the Research Service 
by Dr. Paul A. Adams. 

His past history reveals mainly the story of congenital hemolytic jaundice with the 
characteristic ebb and flow of its minor symptomatology. During the past few years 
his appetite has diminished and an associated weight loss has ensued. To his knowledge 
none of his family except his son has had evident icterus. This son, an icteric, frail boy 
of 15, with marked splenomegaly, was subsequently (July 12, 1934) successfully splenec- 
tomized on the Research Service for this same disease. 

Physical examination of the patient revealed marked weakness, enlarged spleen, 
anemia and a deep jaundice. T., 98.2°; P., 66; R., 15; B. P., 140/70. The sclerae were 
deep yellow. The spleen extended 4 cm. below the umbilicus. The liver was enlarged 
and tender. There was definite right epigastric tenderness. The urine was negative, 
other than for the high bile content. The stool was not acholic and was negative for 
blood. Roentgenologic examination revealed a small annular shadow, about I cm. in 
diameter to the right of the upper bedy of the third lumbar vertebra. The gallbladder 
was not visualized. 

The significant blood findings are presented in Chart 1. There was no significant 
anemia (red blood cells, 3,820,000; the reticulocytes were 4 to 6 per cent); a microcy- 
tosis (mean red blood cell diameter 6.9, mean red blood cell volume 100 cu. microns), 
and an increased fragility of the red blood cells (0.582 to 0.300) were found. The icterus 
index was 882, the highest we have ever recorded. The patient was Type B blood group. 
On December 5, the direct van den Bergh was immediately positive, and the indirect 
was 21 mg. During the 48 hours subsequent to admission the red count fell to 3,000,000 
and the reticulocytes gradually increased to 14.2 per cent. The icterus index decreased 
appreciably, to 428 (Chart 1). 

The findings thus indicated an icterus of double origin; an older, congenital hemo- 
lytic form with splenomegaly, and a more recent acute, acquired form due to obstruction 
by acommon duct stone. Since about two-thirds of patients with hemolytic icterus develop 
pigment calculi within the gallbladder, such an occurrence is readily understandable and 
should be anticipated. There was evidence of only moderate hemolysis. The preoperative 
icterus index was 440, predominantly of obstructive origin. 

Two courses of management were considered: (1) Splenectomy, to stop an impend- 
ng hemoclastic crisis, and (2) a preliminary cholecystostomy, in an attempt to relieve 
the acute and severe cholemia. The latter seemed the more threatening. It was clearly 





realized, however, that the cholecystostomy might provoke even more severe hemolytic 
ictivity by the greatly enlarged spleen. 
The relatively good level of the red cells and hemoglobin (Chart 1), together with 
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the evidence of but moderate hemolysis, influenced us to follow the second course i: 
the hope that the obstructive jaundice might subside somewhat before the onset of 
more acute hemolysis. The patient was prepared for cholecystostomy by the adminis 
tration of 5 cc. of 10 per cent calcium chloride in 200 cc. of normal saline intravenously 
and by a hypodermoclysis of 1,500 cc. of Ringer’s solution containing 5 per cent glucose 
This was given the evening before, and repeated the morning of the laparotomy. 

Cholecystostomy was accomplished uneventfully on December 7, under local anes 
thesia, using a nitrous oxide-oxygen supplement. The abdomen contained considerable 
bile-stained ascitic fluid. The liver was greatly enlarged. It was greenish, finely nodular 
and the lobules were unusually prominent. The gallbladder was enlarged, and its walls 
were thickened and injected. It compressed readily, and contained numerous stones 
The cystic duct was about 7 Mm. in diameter when flattened. It appeared to be patent 
The common duct was tense and distended. At its lower portion, well above the 
ampulla, was a hard, irregular mass about 15 x 10 x 10 Mm. This was thought to be 
a stone, although it was not explored with a needle. The spleen was huge and moderately 
adherent. The splenic capsule was thick, white and opaque. The adhesions were soft 
and vascular. 

Opening the gallbladder fundus revealed the thick, fibrous wall, a rather normal 
yellow-brown bile and numerous characteristic pigment stones, which varied up to 18 
Mm. in diameter. They were black, somewhat elastic, friable and most irregular in 
shape. They were removed and the cystic duct explored. It was patent. The gallbladder 
was drained. Careful hemostasis was effected, and there was but a moderate loss of 
blood. The patient was returned to his room in good condition with the blood pressure 
78/44. 

Progressive relief from the cholemia ensued. The icterus index, 24 hours post 
operative, fell to 120 (Chart 1). On the other hand, hemolysis definitely increased. 
On the evening of December 9, 36 hours postoperative, the red count had fallen to 
1,610,000 and the hemoglobin to 3.9 Gm. The reticulocytes had risen to 20 per cent 
An acute, even fatal, hemoclastic crisis threatened. 

From our previous experience it seemed evident that splenectomy was indicated as 
being the most reasonable procedure to arrest the unusually severe, although expected 
complication. We could also, with reasonable assurance, depend upon the customary 
postoperative autotransfusion as a restorative measure. An emergency splenectomy was 
performed, therefore, December 9. The patient was prepared for this as for the 
cholecystostomy. Local anesthesia, supplemented by nitrous oxide-oxygen, was employed. 
Adrenalin, 1 cc., was administered intramuscularly about 20 minutes before clamping the 
splenic pedicle. This was to ensure maximum contraction of the smooth muscle in the 
splenic capsule and trabeculae. 

The spleen was removed without incident through a left subcostal Kocher incision. 
During the procedure the blood pressure, increased by adrenalin, remained elevated around 
140/50. There was no evidence of circulatory failure and prompt postanesthetic recovery 
ensued. 

The spleen weighed 1,740 Gm., and measured 22 x 15 x 9 cm. It was firm, and 
apparently contracted. The capsule was in places as thick as 4 Mm. and an opaque 
white. The splenic pulp was increased. It was dark red, cellular, friable and more 
fibrous than normal. Microscopically the splenic corpuscles were infrequent, and the 
pulp spaces were filled with blood. The phagocytic clasmatocytes were increased. 

Immediately following operation the characteristic and expected autotransfusion 
ensued, and the reticulocytes decreased (Chart 1). The icterus index continued to de 
crease, and reached 30 on December 14. Convalescence was then uneventful until De- 


cember 13, when the patient became disoriented, arose and walked about the room. A 
chill followed, and later a fever and leukocytosis (Chart 1). Vomiting supervened. 
There was no bile in the vomitus. 8B. colt infection of the splenectomy wound was ap 
parent December 15. It was drained and treated by dakinization. The skin flaps 
separated and on December 22 a secondary closure was undertaken under local anesthesia 
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Dakinization was continued and sound healing, without subsequent herniation, eventuall 
occurred. 

Biliary drainage continued; however, there was no evidence of autodigestion abou 
the cholecystostomy opening. The original rubber tube was later replaced by a mushroor 
catheter which minimized the leakage. Convalescence was steady and afebrile. 

On December 27 the biliary tract was visualized by injecting lipiodol through 
small catheter inserted into the cholecystostomy opening. The gallbladder, also th: 
cystic, hepatic and common ducts were examined fluoroscopically. The lipiodol cam« 
to an abrupt stop, 6 cm. down the dilated common duct. Roentgenograms revealed an 
irregular block in the region of the shadow which was inferred to represent the common 
duct stone. There was a questionable leak past the stone into the intestine. A subcu 
taneous tract was also demonstrated connecting the cholecystostomy margin with the 
infected splenectomy wound. This was possibly the original avenue of infection. No 
reaction followed this investigation. 

The bile draining from the cholecystostomy showed no evidences of containing pan 
creatic secretion, which apparently entered the duodenum normally as shown by aspiration 
through a duodenal tube. Thus an irregular, occluding common duct stone remained, 
definitely above the ampulla of Vater and which did not obstruct the external pancreati: 
secretion. The increased risk of removing this stone, by mobilizing the duodenum 
medially, performing a choledochotomy, and of possibly inserting a T tube, was weighed. 
To be sure, the cholecystostomy assured temporary biliary drainage. Eventually, how 
ever, owing to the continued fluid and mineral loss, it required closure. Cholecysto 
duodenostomy was finally elected as the best solution of the problem. This was ac- 
complished January 10 under local anesthesia, using supplementary nitrous oxide-oxygen. 

The cholecystostomy opening was dissected free, the gallbladder fundus mobilized, 
and the stoma trimmed. The gallbladder fundus was then attached to the adjacent 
duodenum and a two row cholecystoduodenostomy accomplished. The suture line was 
then fastened to the fascia of the gallbladder bed with interrupted silk sutures. <A 
Penrose drain was left just under the skin. Ephedrin was given at the end of the 
operation. The blood pressure was 88/66. The pulse was fair, rate 112. There were 
no evidences of shock. 

During the ensuing two days the temperature rose to 104.8°; pulse, to 160; and 
increased respirations. These all gradually subsided. On January 14 the patient ex- 
pectorated a foul smelling, thick, tenacious mucus. On January 15 a B. coli infection 
of the right abdominal wound was noted. This broke down and on January 17 a duodenal 
fistula became established. Bile and duodenal juice were identified. The skin edges 
became eroded. The duodenal fistula was treated by plugging, strapping, care of the 
skin edges and the use of a light cradle. It soon began to fill in and was closed by 
February 6. 

On January 19, cough and considerable foul smelling sputum production were noted 
This continued. A roentgenologic examination January 26 revealed a left hilus shadow 
suspicious of lung abscess. This was confirmed by a stereoscopic examination January 
31. A fluid level was evident. The abscess wall was thin. Adequate postural drainage 
was instituted. Because of the character of the sputum on February 2 and again on 
February 6, neoarsphenamine was administered. The sputum production began to de- 
crease February 4. It was only 10 cc. in amount by February 10, and ceased on 
‘February 12. Stereoscopic examination, February 16, showed no evidences of any 
residual lung abscess, and a clear parenchyma. General improvement ensued. The pa- 
tient’s appetite returned, and he gained weight. The patient was discharged February 17 

At no time during this stormy convalescence, subsequent to the splenectomy, was 
the hemolytopoietic equilibrium seriously disturbed. The bone marrow met all demands 
promptly and efficiently as they arose (Chart 1). There were no evidences of decom 
pensation or incapacity. This is of significance in evaluating the fundamental nature 
of congenital hemolytic icterus. 

Since leaving the hospital the patient has gained 40 pounds (18 Kg.). Both 
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operative wounds are well healed without herniation. There have been thus far no 


evident gastro-intestinal symptoms referable to the results of the extensive abdominal 
surgery. The patient resumed his occupation as mail carrier, June I, 1934. July 12, 
1934, the day splenectomy was successfully accomplished on his son, the father’s red 
blood cells were 4,850,000, hemoglobin 14.2 Gm., color index 0.95, reticulocytes 1.2 per 
cent, icterus index 8, hematocrit 52, erythrocyte fragility 0.550-0.319 and leukocytes 
19,000, with an essentially normal differential percentage. After two and one-half years 
the patient continues to remain clinically well. 

Case 2.—B. Y., a housewife, aged 56, was admitted to the University Hospital 
February 9, 1935, presenting great weakness, an unusual pallor, moderate jaundice and 
an enlarged spleen. 

Since childhood she had noted that she very easily became fatigued, that even minor 
ailments disabled her greatly, and that she had a peculiar pallor. At one time she was 
thought to have pernicious anemia. Four months ago she developed an upper respiratory 
infection. This resulted in an increase in the anemia and the development of recognizable 
jaundice. During the succeeding interval there have been remissions and relapses with, 
however, a progressive increase in weakness and pallor. One son of 28 has had manifest 
jaundice during the past year. There is evidence of generalized arteriosclerosis. A 
cerebral vascular accident two years ago resulted in a residual hemifacial paralysis with 
ptosis of the eyelid and some atrophy of the right side of the tongue. 

Physical examination revealed a striking exhaustion. She was poorly oriented. The 
loose, pale skin indicated considerable weight loss. Pitting edema was noted over the 
tibiae and sacrum. The retinal arteries were tortuous and striped. Hearing was 
diminished, particularly on the right. The bony thorax was somewhat immobile with 
a decreased vital capacity and other evidence of pulmonary emphysema. Crepitant rales 
were constantly heard over the posterior right base. The heart revealed an occasional 
premature ventricular systole. The pulmonary second sound was accentuated. A short, 
soft blowing systolic murmur was audible over the base. T., 98.0°; P., 100; R., 15; 
B. P., 110/60. The palpable arteries were moderately sclerosed. The enlarged and firm 
spleen extended to just below the umbilicus. 

Neurologic examination by Dr. Harry LeFever revealed a right facial weakness 
(supranuclear) ; weakness of the left masseter and pterygoid muscles; paresis of the 
right upper eyelid; deviation of the tongue to the right; impaired hearing on the right 
with bone conduction greater than air conduction; and unequal reflexes. These findings 
were interpreted as the result of a previous brain stem lesion, probably a hemorrhage. 

Laboratory investigation confirmed the characteristic findings of congenital hemo- 
lytic icterus ; an anemia, red blood cells 1,480,000, hemoglobin 5.0 Gm.; a reticulocytosis of 
54 per cent; microcytosis; and increased fragility of the red blood cells, .319-471. The 
icterus index was 60. There was a leukopenia, 3,300 to 3,800. The blood N.P.N., 
glucose, and carbon dioxide combining capacity were normal. The urine revealed no 
bile but pathologic amounts of urobilin; it was otherwise normal. The stools contained 
bile pigment but occult blood was not demonstrable. The Wassermann and Kahn tests 
were negative. The direct van den Bergh test was negative; the indirect was 4.2 mg 

Upon this evidence a diagnosis of congenital hemolytic icterus, without biliary ob- 
struction, seemed warranted. On the other hand, destruction of the red blood cells 
was gradually becoming more marked. During the first four hospital days the erythrocyte 
count decreased from 1,620,000 to 1,310,000, while the icterus index rose from 60 to 
75; and the reticulocyte count from 54 to 70 per cent. These findings signified increas- 
ing hemolysis and indicated the onset of a “crisis,” and an unfavorable course of the 
disease. The blood typing showed Group O; however, from our previous studies trans- 
fusion seemed contra-indicated. Since at this time three emergency splenectomies for 
hemoclastic crises had already been successfully accomplished, we had less hesitancy in 
advising this operative procedure as a means of arresting the threatening hemolytic 
process. 

Kidney function tests were within normal limits. An E.K.G. revealed a normal 


897 








CURTIS, DOAN, AND WISEMAN Annals of Surgery 


sinus rhythm with an occasional sino-auricular premature contraction ; and left ventricular 
preponderance. Roentgenologic examination of the chest revealed increased broncho 
vesicular markings. A flat film of the abdomen revealed evidence of gallstones. 

Splenectomy was accomplished uneventfully February 13. Preoperatively morphine 
er. 4% and atropine gr. 1/150 were administered. The usual left rectus incision was 
made after local novocaine infiltration anesthesia; and nitrous oxide-oxygen was adminis- 
tered during the exploration and splenectomy. Considerable yellow tinged ascitic fluid 
was encountered. The distended, thick-walled, opaque, and moderately adherent gall 
bladder contained three large calculi. Palpation of the biliary ducts revealed no evidence 
of stones. A small accessory spleen 15 Mm. in diameter was removed from the posterior 
splenic pedicle. 

The spleen weighed 811 Gm. and measured 23 X 16 X 6.5 cm. Supravital studies 
of the pulp revealed the usual increased phagocytosis of the red blood cells by clasmato- 
cytes, atrophy of the lymphatic elements, and engorgement of the splenic parenchyma 
by erythrocytes. Grossly and microscopically the pathologic appearance was that of 
congenital hemolytic icterus. The usual postoperative autotransfusion was immediately 
apparent. Within the first 24 hours the erythrocytes had increased to 2,030,000 and the 
hemoglobin to 5.8 Gm.; with 11,900 leukocytes. Other than for some productive cough, 
subsequent convalescence was steady and uneventful. The icterus diminished and gradually 
disappeared. The reticulocyte count decreased. The patient’s strength slowly returned 
and she was discharged March 6, 1935, 21 days postoperative, greatly improved. 

Case 3.—O. L., a white housewife, age 52, was admitted to the Research Service 
June 7, 1935, presenting a purulent otitis media complicated by a progressively increasing 
anemia and a recently developed icterus. 

A little over a year previously, while under hospital observation for goiter, a marked 
leukopenia and a moderate, sustained anemia and thrombopenia had been discovered 
The white blood cells ranged from 1,200 to 2,500; the erythrocytes from two to three 
million. During the past year various medical regimens had been instituted in an 
attempt to overcome this status, with little apparent result. It was believed that her bone 
marrow was moderately hypoplastic. About two weeks ago, however, she developed an 
acute purulent otitis media, which ruptured the right tympanum, with a resultant profuse 
foul smelling discharge. Two days before admission a right facial palsy supervened. With 
the establishment of this infection more evident anemia developed, accompanied by 
definite clinical icterus for the first time. The leukopenia became more pronounced. 

Upon arrival at the hospital the total leukocyte count was only 200. Hemolytic 
streptococci were cultured from the middle ear discharge. Direct smears showed con- 
taminating bacilli and cocci. The icterus index was 40. The direct van den Bergh was 
negative; the indirect showed a trace. The red blood cell count was 1,200,000, with 18 
per cent reticulocytes. The platelets were greatly diminished. 

Owing to the atypical picture which she had presented during the past year, sug 
gesting a hypoplastic bone marrow, a transfusion of 400 cc. of citrated blood was given, 
cautiously, soon after admission. This was followed by a chill and a severe reaction 

Upon physical examination a splenomegaly, hitherto absent, was discovered. The 
fragility test revealed some decrease in the resistance of the erythrocytes to hypotonic 
solutions. The icterus index had increased to 60. With evidence now available of an 
increasing hemolytic anemia, of increased erythrocyte fragility, of a rising reticulocyte 
count, of splenomegaly, of a mounting icterus index and of an even more marked 
leukopenia—the conclusion that we were dealing with an atypical congenital hemolytic 
icterus seemed warranted. Further investigation strengthened the view that we were 
now facing a definite hemoclastic crisis initiated by the middle ear infection, and splenec- 
tomy was determined upon. 

On June 8, 1935, a 920 Gm. spleen was removed without incident under local anes- 


thesia with supplementary nitrous oxide-oxygen. The liver and gallbladder appeared to 
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be normal, as did the other viscera. No accessory spleens were seen. Upon supravital 
study the splenic pulp was found to be greatly engorged with neutrophilic leukocytes, in 
sharp contradistinction to the extreme peripheral leukopenia. The phagocytic clasmato- 
cytes were greatly increased in number. 

Convalescence was complicated by the development of a large rectal abscess with 
surrounding necrosis from which hemolytic streptococci, similar to those recovered from 
the otitis media, were cultured. This was treated by hot moist packs, by incision and 
drainage; and the danger of general sepsis was combated by repeated daily small blood 
transfusions (from June 11 to June 16). The rectal area healed slowly. 

3,610,000 with only 1.4 per cent reticulo- 


On July 3, 1935, the erythrocyte count was 
cytes. The leukocyte count, however, remained low—1,800—for some time. The patient 
was discharged July 6, 1935, definitely improved. She has been followed during the 
past year. On July 8, 1936, just one year after leaving the hospital, her blood picture 
showed: red blood cells, 4,250,000; hemoglobin, 13.0 Gm.; reticulocytes, 0.2 per cent; 
leukocytes, 5,100. This restoration to normal of the previously depressed blood findings 
is further evidence that we were dealing with the splenomegaly of congenital hemolytic 
icterus. 

Case 4.—L. H., a white housewife, age 31, was referred to the Research Service 
by Dr. C. C. Fitzpatrick of Jackson, Ohio. She was admitted January 1, 1936, critically 
ill; and presented the picture of an acute hemoclastic crisis, in extremis. 

Her early history is that of unrecognized congenital hemolytic icterus. She was in 
apparent good health up to about four years ago, when she had a cesarean section to 
terminate her third pregnancy. At that time an anemia and a splenomegaly were noted. 
Liver therapy was tried without appreciable effect. She was twice hospitalized and 
transfused. About a month ago liver therapy was resumed and six injections of liver 
extract were given. This resulted in some questionable improvement. One week ago, 
however, she was confined to bed because of increasing anorexia and weakness. Two 
days ago persistent nausea and vomiting developed. The resultant extreme dehydration 
and demineralization complicated the clinical picture on admission to University Hos- 
pital, with evidence of recent rapid loss of weight, of increasing anemia, with moderate 
jaundice and progressive dyspnea. 

Physical examination revealed a critically ill patient. The skin was pale and 
icteric; the mucosae and finger tips were cyanotic; there was moderate dyspnea with 
orthopnea; no petechiae or other evidences of bleeding could be found, vet the anemia 
was profound. The sclerae were yellow. T., 99.6°; P., 122; R., 32; B.P., 118/50. The 
pulse was full. A blowing systolic murmur was audible over the entire precordium. 
The liver was moderately enlarged. The spleen extended to the iliac crest, and was 
tender. A pitting edema was demonstrable over the tibial crests. There were no abnormal 
neurologic findings. 

Immediate examination of the blood revealed red blood cells, 800,000; hemoglobin, 
2.1 Gm.; reticulocytes, 16 per cent: leukocytes, 10,800; platelets greatly decreased, and 
an icterus index of 60. The urine showed an albuminuria. The N.P.N. was 40 mg. per 
cent; the blood glucose 160 mg. per cent; the plasma CO. 30 vol. per cent; and the 
blood chlorides 205. 

Intranasal oxygen was instituted. This resulted in some improvement of the cyanosis 
and dyspnea. A small indirect transfusion was given about three hours after admission. 
This was accompanied by chilliness, temperature elevation and some reaction. Later 
sodium bicarbonate and glucose were given intravenously and after four hours 500 cc 
of citrated blood. Only slight transitory improvement was noted. 

The relative lack of response in this critically ill patient, during the first 12 hours 
of medical treatment, left no alternative but splenectomy. While the rationale of this 
operative procedure had been established in our previous experiences, no patient had 
presented heretofore quite so critical a condition. It was decided to explore and limit 
the procedure to ligature of the splenic artery, in case adhesions or operative diffi- 
culties made the actual removal of the spleen too hazardous. 
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On January 2, 1936, without any preoperative medication, 150 cc. of novocaine con- 
taining eight drops of adrenalin per 100 cc. was infiltrated along the left upper rectus 
region. The spleen, exposed through an adequate left rectus incision, was large, bluish 
and fortunately nonadherent. Nitrous oxide-oxygen was then administered. The spleen 
was luxated and its pedicle freed. One-half cubic centimeter of adrenalin was next 
injected directly into the splenic artery. A definite, visible contraction of the spleen 
followed, thus squeezing blood cells from the large splenic reservoir into the circulation 
and effecting an autotransfusion. The pedicle was then clamped and tied and the spleen 
removed. Several accessory spleens, ranging from 3 Mm. to 3 cm. in diameter, were 
then removed from the region of the pedicle. 

Immediate improvement occurred in the patient’s clinical status, which allowed the 
abdomen to be thoroughly explored. The liver was enlarged. Its lobules were evident; 
however, it did not appear to be cirrhotic. The gallbladder was enlarged, firm, thickened 
and contained numerous irregular stones, which are so characteristic of the calculi oc- 
curring in instances of congenital hemolytic icterus. The ducts appeared to be patent. 
The stomach and colon were normal, and the pelvis was negative. The patient left the 
operating room definitely improved. 

The spleen weighed 1,635 Gm. and measured 26 x 15 x 10 cm. Grossly it was 
characteristic of hemolytic icterus. Microscopic sections revealed a diffuse fibrosis and 
numerous dilated endothelial channels. Increased phagocytic activity was evident, as well 
as increased blood pigment. The splenic corpuscles were atrophic. 

Postoperatively the blood pressure remained over 100 systolic. Hematology: red 
blood cells, 1,710,000; white blood cells, 23,700; hemoglobin, 3.9 Gm.; platelets, 350,000. 
Hypodermoclysis and intranasal oxygen were administered. At the commencement of 
the second day 600 cc. of citrated blood were given to hasten the clinical recovery. 
From that time on convalescence was progressive and uneventful. 

On February 22, three weeks postoperative, the blood findings paralleled the clinical 
improvement. Red blood cells, 4,490,000; hemoglobin, 13.4 Gm.; white blood cells, 
7,200; reticulocytes, 0.4 per cent; and platelets 1,890,000. The icterus index was also 
normal. The patient was discharged January 28. Six months later, on July 22, she was 
clinically well. Red blood cells, 5,420,000; hemoglobin, 14.9 Gm.; reticulocytes, 4 per 
cent; leukocytes, 8,400; icterus index, 6.2; and thrombocytes, 1,900,000. 

Case 5.—G. P., female, age 4, with an acute severe hemoclastic crisis, was splenec- 
tomized September 6, 1933, by Dr. V. A. Dodd.’ 

Case 6.—V. T., female, age 20, with an acute hemoclastic crisis, was splenectomized 
March 25, 1935, by Dr. Luke Zartman.’ 


THROMBOPENIC PURPURA 


Case 7.—E. M., a colored schoolgirl, age 17, was admitted to the University 
Hospital June 23, 1934, for the management of purpura with an attendant severe anemia. 
Unusual pallor together with scattered subcutaneous and submucous hemorrhages were 
evident. 

She had been well and active up to early May, when unusual bleeding from the 
gums was first noted. This became more marked. Menstruation early in June was 
prolonged and profuse. An increasing pallor, with the symptoms of progressive anemia, 
caused her to consult a physician. She was hospitalized elsewhere June 14, and the 
presence of a severe anemia confirmed. A blood transfusion was given June 16. This 
resulted in but temporary relief, since the metrorrhagia continued and in addition epis- 
taxis and hematemesis developed. 

Her past history revealed a long recognized tendency to easy bruising. Never- 
theless, she had undergone tonsillectomy eight years previously without any complica- 
tions. No other incidence of unusual bleeding was known to have occurred in her 
family. 

Upon entering the hospital the patient was dyspneic, somewhat cyanotic and per- 
spiring profusely. T., 103°; P., 120; R., 48; and B. P. 103/?. Her pallor was striking. 


900 




















encom i SPLENECTOMY FOR HEMOCLASTIC CRISES 

Cutaneous petechial hemorrhages up to 5 Mm. in diameter were evident. The eyes 

reacted normally and the sclerae were clear. There were no retinal hemorrhages. The 

eums were spongy and hemorrhagic. Ulceration had developed about a carious and 
abscessed lower right molar, and had extended into the adjacent tongue and soft palate. 

Necrosis with resultant fetor oris was evident. Recent bleeding was also noted in the 

nasal cavities. The heart was negative, other than for a blowing systolic murmur heard 
at the apex. Pelvic examination revealed a cervical polyp and uterine bleeding. Other 
examinations were negative. The spleen was not palpable, and apparently not enlarged. 

Investigation of the blood (Chart 2), revealed 1,770,000 red blood cells, hemoglobin 
19 Gm. (Newcomer), color index 0.9, reticulocytes 57 per cent; erythroblasts 1,200; 
and normoblasts 2,400 per cmm.; mean erythrocyte diameter 8.6 microns with both 
anisocytosis and poikilocytosis extreme on direct examination but with no “sickling,” 
immediate or delayed; erythrocyte fragility was markedly decreased, hemolysis started 
at 0.319 and was not eomplete until something less than 0.210 salt equivalent; icterus 
index 6; leukocytes 30,000, with 67 per cent actively motile, mature, neutrophilic granu- 
locytes, 5 per cent myelocytes C and metamyelocytes, I per cent eosinophils, 18 per cent 
lymphocytes, and 9 per cent monocytes; blood platelets 3,500; bleeding time 23 minutes ; 
coagulation time (Howell) 11 minutes; calcium time 12 minutes; prothrombin time 12 
minutes; no clot retraction in 24 hours; tourniquet test (50 Mm. of mercury) showed 
innumerable petechiae after ten minutes. The Wassermann and Kahn tests were nega- 
tive; carbon dioxide combining power 36; blood Group O. Doubtless due to the oral 
infection and anemia the daily temperature ranged from 99° to 104° F. Blood cultures 
were negative. 

The striking thrombopenia together with the coagulation findings pointed to the 
diagnosis of idiopathic thrombopenic purpura hemorrhagica. Elsewhere a diagnosis of 
aplastic anemia with symptomatic purpura had been entertained. However, both the 
red and white cells in the circulating blood revealed such evident regenerative responses 
that an aplastic bone marrow was at once ruled out. The unusually high reticulocyte 
count (57 per cent) even resembled that seen occasionally in congenital hemolytic 
icterus, or in pernicious anemia after liver therapy. A sternal bone marrow puncture 
vielded no added information. The nucleated red cell response (3,600 per cmm.) added 
further evidence of unusually active erythropoiesis. Even after an epinephrine test June 
26 (Chart 2), blood platelets did not appear in the peripheral circulation. In fact, 
platelets were essentially absent throughout the entire period of preoperative observation 
(Chart 2). 

Intensive medical treatment was first instituted. During the first 24 hours 50 cc. 
of whole blood were given intramuscularly. On the second day 500 cc. were given 
intravenously. Viosterol, a high fat-protein diet, large amounts of orange juice daily, 
oral hygiene, and even cauterization and packing of the cervical canal were of little 
avail, since the hemorrhagic tendency and anemia steadily increased. Splenectomy was 
finally advised, but was refused until the fourth hospital day when the red blood cells 
following a profuse hemorrhage fell to 725,000 and the hemoglobin to 2.4 Gm. The 
nucleated red cells had increased to 6,000. The leukocytes were 25,000, the reticulo- 
cytes 30 per cent and no platelets were to be found m the peripheral blood. An emergency 
transfusion of 700 cc. of citrated blood was given to the comatose and moribund patient, 
which increased the red blood count to 1,230,000. A second of 400 cc. was given later 
in the day. The following day (June 28) the general clinical condition of the patient 
was greatly improved. Red blood cells, 1,660,000; hemoglobin, 4.9 Gm.; leukocytes, 
10,800; platelets, 0; T., 99.6°; P., 88; R., 24; and B. P., 100/58. It was thereupon 
decided to resort to surgery without further delay and to attempt ligation of the splenic 
artery, if splenectomy seemed inadvisable. 

On June 28 splenectomy was accomplished uneventfully with a minimal loss of 
blood. A left rectus incision was made under local anesthesia, which was supplemented 
by nitrous oxide-oxygen, for the intra-abdominal manipulation. No free fluid was 
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encountered in the abdomen. Petechial hemorrhages, however, were numerous and 
were increased by the necessary handling of the viscera. The spleen was normal in 
size, appearance and position. Its pedicle was short. It weighed 225 Gm. At the 
conclusion of the operation the pulse was 96, respirations were 24, the blood pressure 
was 140/90; red blood cells 1,990,000, reticulocytes 15 per cent, hemoglobin 5.9 Gm., 
leukocytes 14,800, and blood platelets 21,900. Twenty-four hours after the splenectomy 
the leukocyte count was 52,000 with 8&5 per cent active mature neutrophils, red blood 
cells 2,230,000, hemoglobin 6.2 Gm., and blood platelets 89,000 (Chart 2). All bleeding 
had ceased. 
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Cuart 2.—(Case 7) Splenectomy for the hemoclastic (thrombocytoclastic) crisis of thrombopenic 
purpura. (Journal A.M.A.') 

Investigation of the fresh splenic pulp by the supravital technic failed to reveal 
free extracellular clumps of blood platelets. The débris in the clasmatocytes presumably 
represented whatever of these elements had reached the spleen. This permitted an ex- 
planation for the failure of platelet increase subsequent to the preoperative injection 
of epinephrine. Microscopically sections of the spleen revealed a suggestion of chronic 
inflammation. The splenic corpuscles were prominent but normal. The clasmatocytes 
did not appear to be increased in number or unusually phagocytic. The reticulum was 
hypoplastic ; the endothelial cells and the vascular bed were not remarkable. The splenic 
pulp was not engorged with red blood cells as occurs in hemolytic icterus, nor with 
blood platelets, as is described in certain purpuric states. 

Immediately following the splenectomy the blood platelets increased in number until 
on the fourth day postoperative they attained a count of 395,000. During this period 
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they varied greatly in individual size During the succeeding eight days a gradual 
decrease ensued without notable change in the patient’s condition. By the twenty-second 
postoperative day they had reached 748,000 (Chart 2). 

With the cessation of the hemorrhages and the attainment of satisfactory convalescence 
the ulceration of the mouth cleared rapidly. The abscessed molar was extracted on the 
fifteenth postoperative day and the gums were then given needed attention. Both the 
hemoglobin and red cells gradually increased At the end of three weeks there were 
3,500,000 erythrocytes. The reticulocytes promptly decreased (Chart 2). The bleeding 
time became normal, clot retraction occurred promptly and the tourniquet test (ten min- 
utes at 50 Mm. mercury pressure) failed to cause petechiae. By the ninth day post- 
operative the elevated temperature and pulse had returned to normal. The patient was 
discharged July 20, on the twenty-second postoperative day, in good condition. 

During the past two years she has maintained an entirely normal existence, with 
a platelet count sustained consistently at about one million per cmm. (Chart 2). She 
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Cuart 3.—The results of splenectomy for hemoclastic crises in six cases. (Journal A.M.A 
has married and, on March 21, 1936, gave birth to a normal female child. Throughout 
this stay under observation in the University Hospital, from March 20 to 30, 1936, no 
evidence of recurrence of the purpuric state was noted. The platelet count remained 
high. There was no unusual bleeding either previous to or after labor. ¥he puerperium 
was quite normal. She continues to remain clinically well. 





Case 8.—A. J., a housewife, age 61, with an acute hemoclastic crisis occurring 
in the course of thrombopenic purpura, was successfully splenectomized June 30, 1936. 
She was dismissed in good condition on July 30. This splenectomy was accomplished 
after the completion of this paper 


CONCLUSIONS 


The evidence presented by these eight patients, all successfully surviving 
a major surgical procedure during a hemoclastic crisis, further supports the 
rationale of splenectomy in the treatment of properly selected and prepared 
patients suffering from hemolytic icterus or thrombopenic purpura of splenic 
origin. There have, thus far, been no failures. We attribute this success to 
careful differential diagnostic studies, optimum preoperative management 
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and the application of modern surgical knowledge to the problem. The im 
plications of this study add materially to our knowledge of the pathologic 


physiology of the spleen. 
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AN ANATOMIC RESTUDY OF THE PELVIC LYMPHATICS* 
J. PEERMAN NESSELROD, M.D. 


RocHESTER, MINN. 


ROM THE ANATOMIC LABORATORIES OF THE GRADUATE SCHOOL OF MEDICINE, UNIVERSITY OF PENNSYLVANIA, UNDER 
THE SUPERVISION OF PROF. OSCAR V. BATSON 


THE two principal problems of the proctologist are infection and malig- 
nancy. In each of these processes the lymphatics are important factors. In 
a subsequent paper the possible relationship between lymphopathia venereum 
and rectal stricture will be presented; in that paper use will be made of the 
findings set forth in‘the present report. 

An excellent account of the pelvic lymphatic structures could be crystal- 
lized from the various studies that have been made. However, because of 
the lack of any particular interest on the part of the authors in clinical proc- 
tology, no one of the well known studies correlates this field. Several of the 
modern French workers are interested in lymphatics as they pertain to the 
spread of malignant disease, and in so far as this interest pertains to the 
lower bowel, their studies are very informative. Of the considerable study 
that was made of the literature, only cursory mention can be made, later 
in the paper. 

The present anatomic restudy of the genito-anorectal lymphatics was 
begun in order to correlate the more general studies with the special point 
of view of the proctologist. In order properly to evaluate the field it has 
heen necessary to acquire first hand familiarity with actual anatomic prepara- 
tions. A series of these has been prepared. 

Anatomic Terminology.—Dr. Collier I. Martin has repeatedly stated that 
much confusion exists with regard to the terminology of anorectal anatomy. 
The appended nomenclature is that favored by Doctors Martin and Batson 
and is significant anatomically, physiologically, pathologically and clinically: 

The anus is the external opening of the anal canal (a rima in the anatomic 
Sense ). 

The anal canal represents the terminal portion of the large intestine, from 
the anus to the anorectal line, a distance of approximately 2.5 cm. The entire 
lining is modified squamous epithelium. 

The term “anal skin” is used to replace the misnomer “anal mucous 


membrane.” 


‘ “e ‘ 


The terms “anorectal line,” “pectinate line,” “dentate line,” ‘dentate mar- 
gin,” and “mucocutaneous junction” are synonymous. They all refer to the 
boundary line between the anal canal and the rectum, comprising the anal 
papillae with the intervening delicate margins of the anal valves. 

* Abridgment of thesis submitted to the Faculty of the Graduate School of Medicine 
of the University of Pennsylvania, in partial fulfillment of the requirements for the de- 
gree of Master of Medical Science (M. Sc. [Med.]) for graduate work in Proctology. 

Submitted for publication January 1, 1936. 
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The terms “white line of Hilton” and “intersphincteric line” are synony 
mous, but they were thought by Hilton, and by many others, to be synony 
mous also with “anorectal line.” Hilton’s white line is more readily ‘elt 
than seen. It is definitely within the boundaries of the anal canal; it lies 
approximately half way between the anus and the anorectal line. In fact, 
in many individuals, the intersphincteric line is rendered distinct only during 
digital examination of the anus, the finger displacing the internal sphincter 
upward, so that temporarily the internal and external sphincter muscles be 
come actually superior and inferior muscles, respectively. This displacement 
during examination probably accounts for the errors which are to be seen 
in some drawings. 

The material studied consisted of human fetuses at or near term, of 
new-born infants, and of isolated segments obtained from the adult at opera- 
tion and at necropsy. A few studies were made on the dog and on the 
human im vivo. 

The materials injected were the radio-opaque colloidal suspension of 
thorium dioxide, known as thorotrast; the vital dye brilliant benzo blue 6 
B. A. extra cone., and the often used substances, air, mercury and Gerota’s 
solution. 

Stupies IN Vivo.—Based on the work of Hudack and McMaster? with 
the injection of vital dyes several studies were carried out. With the coopera- 
tion of Dr. I. S. Ravdin several injections, 0.1 ce. each, of expertly purified 
benzo blue 6 B. A. extra cone. were made intradermally into the closely 
shaved skin of the living dog; the areas used were the abdominal surface 
and the inner surface of the hind leg. The lymphatic collecting vessels filled 
rapidly and became clearly visible. Dye injected into the skin of the lower 
part of the abdomen and of the inner surfaces of the hind legs was carried 
quickly to the groin on the corresponding side. Lymphatic vessels arising 
from the skin of the upper part of the abdomen led to the axilla on the cor- 
responding side. Three similar injections of benzo blue 6 B. A. extra conc. 
were made into the skin of normal humans, and several into the anal and 
peri-anal skin of patients. The results of these studies were valueless. 

Because of these disappointing results the experiment was repeated on 
the skin of the dog. The lymphatics were again quickly and clearly demon 
strated, and were readily followed for 10 cm. after nine to 15 seconds. 

With a living female dog under amytal anesthesia, injections of benzo 
blue 6 Bb. A. extra conc. were made with the aid of a speculum, into the 


posterior vaginal wall at intervals from the introitus to, and including, the 





posterior lip of the cervix. The presacral nodes and the nodes at the bifur- 
cation of the great vessels were clearly demonstrated within three minutes. 
Direct injections were made into the wall of the bladder, uterus, rectum, 
colon and small bowel; the lymphatics were visualized almost immediately. 
¢ Anatomic Study of the Lymphatics—Air serves well for the demonstra- 
tion of lymphatics, but the preparations are evanescent. The most satisfac- 
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tory results in this study were, however, obtained from the use of Gerota’s 
solution and of mercury. 

Thirty-five specimens (fetuses at, or near, term and new-born infants ) 
were available for this research. Of this number, 14 were found satisfac- 
tory for study. The lymphatic drainage of the pelvic viscera, excluding the 


urinary tract, is summarized in Table I. 


TABLE I 
rHE LYMPHATIC DRAINAGE OF THE PELVIC VISCERA, EXCLUSIVE OF THE URINARY TRACT 


Viscera Drainage Pedicle 
1) Superior hemorrhoidal. 
» 
xectum 2 441..1 . 
>) Middle hemorrhoidal (hypogastric 


Anus (1) Inferior group (inguinal 


1) Superior or external ilia 
2) Middle or hypogastric 
Vagina lateral sacral 
(3) Inferior 
pedicle of sacral promontory. 


1) Anterior or external iliac. 


Middle or | ypogastric. 


2 
Cervix lateral sacral. 
3) Posterior 
pedicle of sacral promontory.® 
1) Lumbar 
Uterus (and 2) External iliac. 
Adnexa) 3) Lateral sacral. 


2) Middle or hypogastric. 
Prostate lateral sacral. 


o*) 
J 


pedicle of sacral promontory.® 
EXPERIMENTAL RESULTS 


Anus.—Within the thickness of the anal and peri-anal skin is a lymphatic plexus 
of origin, the meshes of which are so finely patterned that a good mercurial injection 
resembles, in the cleared specimen, a solid layer of mercury (> in Fig. 1 left, and d in 
Fig. 1, right). More careful inspection of the plexus reveals the “nodular” appearance 
of the minute lymphatics resulting from the numerous valves within them and from 
overdistention by the injected mass. 

From the lateral and anterior margins of the peri-anal plexus arise numerous larger 
collecting vessels which are among the afferent vessels of the inguinal nodes. These 
trunks, averaging eight to ten in number on each side, lying in the subcutaneous tissue, 
pursue a rather irregular course to the inguinal nodes (c,c in Fig. 1, right). Some ot 
them lie in the genitocrural fold; others lie along the medial surface of the thigh. The 
collectors bifurcate and anastomose frequently along their course. The nodes (dd in 
Fig. 2, left) appear as little tufts of mercury, giving rise in turn to efferent trunks which 
lead to the next nodal station. The efferents of the inguinal nodes lead to external iliac 
or to common iliac nodes (¢ in Fig. 2, /eft), the name depending on that portion of the 
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iliac vessels with which the nodal group is in relation. From the superior portion of tlic 
anal lymphatic plexus several small vessels can be seen to cross the anorectal line and 
to ascend along the rectal wall (¢ in Fig. 2, right). Hence there are definite anastomoses 
between the lymphatic plexuses of origin of the anal canal with those of the rectum. 





Fic. 1.—(Left) Peri-anal and gluteal lymphatics (posterior view) of a male, white fetus at 
term Injections made along the anal margin and in the skin over the gluteal region, using 
mercury. (a) Anus. (6b) Network of the peri-anal skin. (c) Plexus of the skin over the 
gluteal region. (d) Anastomotic vessels. (e) Collecting vessels. (f) Collecting vessels from 
the superior gluteal region passing to the groin. (ag) Scrotum. (Right) Penile and peri-anal 
lymphatics, viewed from below, in the same specimen as that represented in Fig. 1 eft 
Injections made in the skin of the shaft, using mercury (a) Network of the skin of the 
shaft of the penis. (b,b) Collecting vessels from the network of the shaft. (c,c) Collecting 
vessels from the peri-anal network. (d) Network of the peri-anal skin. (e) Anus. 


Punctures made in the skin overlying the coccyx and lower part of the sacrum re- 
veal a dense superficial network anastomosing freely with the peri-anal plexus, inferiorly, 
and with the superficial lumbar lymphatics or with the gluteal lymphatics, superiorly. 
Communications across the median line are plentiful (Fig. 3, /efft). 





Fic. 2.—-(Left) Lymphatics of the skin of the shaft of the penis (anterior view) in_ the 


same specimen as that represented in Fig. 1. Injection made in the skin of the shaft, using 
mercury. (a) Network of the skin of the shaft of the penis. (b,b) Collecting vessels from 
the network of the shaft. (c,c) Collecting vessels from the peri-anal network. (d,d) Inguinal 


nodes. (¢) Beginning of the external iliac chain of the collecting vessels. (f) Network of the 
peri-anal skin. (g) Collecting vessels from the superior gluteal region. (Right) Peri-anal 
lymphatics and lymphatics of the external genitalia of a female, colored fetus at term viewed from 
below. The anus was dilated before fixation. Injections made in the skin overlying the lumbar. 
gluteal and sacrococcygeal regions, in the anal skin, in the skin of the fourchet and in the skin 





of the base of the right labium majus, using mercury. (a) Superficial lymphatic network 
of the labium majus. (b) Superficial network of the labium minus. (c) Superficial network 
of the fourchet. (d) Peri-anal network. (¢) Anal network showing the origin of the vessels 


which ascend in the rectal columns of Morgagni. (f) Sacrococcygeal network. (g,q¢) Collecting 


vessels from the postanal plexus (sacrococcygeal). (h,h) Collecting trunks from the peri-anal 
and anal networks. 





If the buttock be roughly divided into an upper and outer half and a lower and inner 
half, punctures along this line of division reveal two possible destinations for the injected 
material (Figs. 1, /eft, and 3, /eft). It may pass to the peri-anal plexus by way of the 
vessels of the lower and inner half of the buttock. Again, it may find its way upward 
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and outward, following the curve of the iliac crest, reaching the superficial external 
1 nguinal nodes (c in Fig. 3, right, and g in Fig. 2, left). Finally, as clearly shown in 


Figs. 1 left and 3 left, the material may fill both of these sets of vessels, thus completely 


encircling the limb. 





Fic. 3.—(Left) Anal and peri-anal lymphatics, and the lymphatics of the skin overlying 
the sacrococcygeal and the superior gluteal regions (posterior view) in the same specimen 
is that represented in Fig. 2 right (a,a) Plexuses of the skin of the superior gluteal region. 
(b) Plexus of the skin overlying the sacrococcygeal region. (c,c) Collecting vessels from the 
sacrococeygeal plexus which pass to the groin. (d.d) Collecting vessels from the superior 
gluteal networks passing to the groin on either side by way of the superior route, following 
the curve of the iliac crest. (¢) Anal network showing the origin of the vessels which ascend 
in the rectal columns of Morgagni (Right) Lymphatics of the skin of the superior gluteal 
region (lateral view) in the same specimen as that shown in Fig. 1. Injections made in 
the skin over the gluteal region, using mercury. (a) Network of the skin over the superior 
gluteal region (b) Collecting vessels (c) Collecting trunks passing to the groin by way 


of the suverior route, following the curve of the iliac crest. 


Rectum.—In a coronal section of the rectum (Fig. 4, /eft) the anastomotic vessels 
which leave the anal plexus (c) to cross the anorectal line ()) and pass upward in the 
rectal wall, can be seen to lie within the columns of Morgagni (a,a). At the base of 








noes 

Fic. 4.—-(Left) Coronal section of the rectum showing the anterior view of the posterior half 
if a male, colored fetus at term. Injection made in the skin of the anal canal, using mercury. (a,a) 
Lymphatic vessels lying in the columns of Morgagni. (b) Level of the anorectal line. (c) Network 
of the skin of the anal canal. (Right) Lymphatics of the rectal mucous membrane (anterior view) 


of a female, colored fetus at term. Injection made in the rectal mucous membrane, using Gerota’s 
solution. (a) Rectum laid open. (b) Network of the rectal mucous membrane in the region of the 
upper portion of the ampulla. 
ach column (at the anorectal line) the anal lymphatics are gathered into a small tuft, 
from the apex of which one or two vessels ascend within the column for a distance of 
I to 3 cm. 
The mucous membrane of the lower portion of the rectal ampulla does not possess 
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a well developed lymphatic plexus (Fig. 4, /eft, and 4, right). Above the columns, how 
ever, the rectal mucous membrane presents a rich network of lymphatics, although th: 
demonstration of these vessels is difficult. Gerota’s solution does not distend the lym 
phatics so well as does mercury. Hence a plexus can be more easily studied in a prepa 


t 


ration in which Gerota’s solution is employed (Fig. 5, left). The question arises as to 





Fic. 5.—(Left) Lymphatics of the lower sigmoid and of the upper rectum (anterolateral view 
of a male, white fetus at term. Injection made in the muscular layer of the gut, using Gerota’s 
solution. (a) Cut edge of the mesosigmoid. (b) Network of the muscular layer of the sigmoid colon. 
(c) Network of the muscular layer of the rectum. (d,d,d) Pararectal nodes of Gerota. (e,e) In 
termediate nodes lying in the mesentery. (f) Collecting vessel. (g) Psoas major muscle. (Right) 
Lymphatics of the glans penis and of the scrotum (anterior view) of a male, colored fetus at term 
Injections made in the mucous membrane of the glans, and in the skin of the scrotum, using 
mercury. (a) Network of the mucous membrane of the glans (hb) Collecting vessels from the 


glans. (c) Network of the skin of the scrotum. (d) Collecting vessels from the glans and from the 
scrotum. (¢) Superficial inguinal nodes. 





Fic. 6.—(Left) Scrotal, perineal and peri-anal lymphatics, viewed from below, of a= male 
colored fetus at term. Injections made in the peri-anal skin, in the skin of the perineum, and in the 
skin of the scrotum, using mercury. (a) Network of the skin of the scrotum. (6) Perineoscrotal 
collecting vessel. (c) Network of the skin of the perineum. (d) Network of the peri-anal skin 
(e) Anus. (Right) Lymphatics of the external genitalia and of the round ligaments in the same 
specimen as that shown in Fig. 2 right. External genitalia injected as described for Fig. 2 right 
Injections made also in the muscular layer of the uterine fundus, using mercury (a) Fallopian 


tube. (b) Network of origin of the lymphatics of the round ligaments. (c) Collecting trunk of the 
round ligament passing to an inguinal node at d. (d,d) Inguinal nodes. (¢,e) Collecting vessels 
from the superficial plexuses of the external genitalia. (f) Superficial network of the labium majus. 
(q) Superficial network of the labium minus. (/) Superficial plexus of the fourchet. 





how this plexus can be distinguished from a vascular capillary network. In a gross 
study, such as this, the presence of the injected material in blood capillaries cannot be 
entirely eliminated. A deciding factor, however, is the successful injection of the col- 
lecting trunks, of the intermediate nodes, and of the regional nodes if possible. In Fig. 
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left, showing the lymphatic networks of the muscular layer of the rectum and of the 
wer part of the sigmoid, collecting vessels can be seen arising from the networks of 
origin at (b) and at (c) and passing to pararectal nodes (d,d,d) and to the nodes 
lying in the mesentery (¢,e). These collecting trunks are the afferent vessels of nodes 
lying along the course of the inferior mesenteric artery. Some lie at the bifurcation of 
the superior hemorrhoidal artery, a few at the point of origin of the inferior sigmoid 
artery, a few at the origin of the left colic artery, and several at the root of the in- 
ferior mesenteric artery itself. The rectal lymphatic plexuses anastomose freely with 
those of the sigmoid at the rectosigmoid juncture 
Scrotum.—The rich lymphatic plexus of the scrotum is readily demonstrable by in- 
jections in, or near, the median raphé. One or two punctures usually suffice to fill the 
entire system. The collecting trunks arise near the raphé, swing laterally, receiving 
other collectors from the 
more lateral portions of -the 
scrotal plexus, pass upward 
to the cruroscrotal fold, and 
finally end in the superficial 
inguinal nodes (c, d, and ¢ in 
Fig. 5, right). The network 
of origin communicates pos- 
teriorly with the plexuses of 
the anus and perineum, later- 
ally with those of the inner 
surface of the thighs, and an- 
teriorly with that of the skin 
of the penis (Figs. 5, right, 
and 6, left). 
Penis.— The lymphatics 





, : : : | 7 Deep lymphatics of the external genitalia of a female 
of the skin of the penis, like colored fetus at term (anterior view Injections made in_ the 
those of the scrotum. present clitoris, in the skin of the vestibule, and in the skin of the four 

: 2 npn chet, using mercury (a) Network of the clitoris. (b) Superficial 

a delicate plexus ot origin vestibular network surrounding (d) the vaginal introitus (c) 

along the raphe ( ollecting Superhictal net wi rk of the fe urchet. (¢.e) Deep collecting vessels 

from the fourchet (f,f) Deep collecting vessels from the networks 

vessels from this network of the vestibule and of the clitoris forming a coarse presymphyseal 
plexus ( Inguinal nodes 


pass around the penis to a 
pathway which lies superficially along its dorsum. Collecting trunks which drain the 
distal portion of the penis are obviously longer than those arising in the proximal portion 
These vessels, on reaching the root of the organ, turn laterally to reach the superficial 
inguinal nodes of the corresponding side (a,).b, Fig. 1, right, and a,b,b, Fig. 2, left). 
The proximal communications of the penile integumentary lymphatics are stated in the 
foregoing. Distally, these vessels anastomose with those of the prepuce, which in turn 
communicate with the lymphatics of the glans 

A single puncture in the glans penis is usually sufficient to demonstrate a very fine, 
dense plexus (a in Fig. 5, right). The collecting vessels gather on either side of the 
frenum and then swing dorsally, uniting as they do so, in three or four trunks which lie 
on either side of the deep dorsal vessels of the penis (> in Fig. 5, right). At the root 
of the organ they swing laterally, as do the other collectors, to the inguinal nodes on 
either side. The lymphatics of the glans anastomose with those of the distal portion oi 
the urethral mucous membrane. 

Vulva.—The lymphatic drainage of the external genitalia of the female is analogous 
to that of the external genitals of the male. Figs. 2 right and 6 right represent a speci- 
men in which two punctures served to inject the entire system of the external female 
genital organs. One injection in the fourchet filled all the vessels of both labia minora, 
of the vestibule, of the clitoris, and of the left labium majus. One additional injection 
at the base of the right labium majus filled the remaining vessels. In this specimen the 
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plexuses of the labia majora (a in Fig. 2, right, and f in Fig. 6, right), are so dense 
that it is impossible to view the underlying collecting trunks which drain the fourchet, 
vestibule and clitoris. In Fig. 7 are shown the deeper trunks (e¢,e) which drain the 
area of the fourchet (c). These vessels, two on each side, lie in the subcutaneous tissue 
of the labium majus, the contour of which they follow in their course to the inguinal 


nodes. Medial to these collectors are the two deeper trunks (f,f) which arise, one on 


each side, from the upper portion of the vestibular plexus (/)), and from the network 
of the clitoris (a). These collecting vessels enter into the formation of a coarse pre- 
symphyseal lymphatic plexus which, in some subjects, presents one or more small nodes. 
The free lymphatic anastomoses among the various parts of the external genitals is 
evident; one injection filled nearly the entire system on both sides, which is not an un- 
common occurrence in the study of lymphatics. 

Vagina.—Injection of the lymphatics of the vagina must be performed with as lit- 
tle dissection of the organ itself as possible. Removal of the anterior abdominal wall, 
of the anterior bony wall of the pelvis, and of the bladder and urethra provides good 
exposure of the vagina. The anterior vaginal wall is sectioned along the median line 
to the anterior lip of the uterine cervix. Punctures can then be made in the vaginal 
mucosa at any level. Again, intramuscular injections can be made along the posterior 
vaginal wall in the region of Douglas’ cul-de-sac, with little or no dissection of the recto- 
vaginal septum. 

The vaginal lymphatic system presents two networks of origin, one mucosal and 
one muscular, which communicate with a perivaginal plexus giving rise, in turn, to the 
collecting vessels (Poirier and Cunéo*). The delicate mucosal network (b in Fig. &) 
communicates inferiorly, at the introitus, with the vestibular vessels, and superiorl) 
with the cervical vessels. In Fig. 8 are shown four collecting trunks arising from the 
left side of the perivaginal plexus. The two lower trunks (/) swing upward following 
a rather long but direct course to the lateral sacral nodes (g). The upper trunks (i) 
pass downward for a very short distance and then turn sharply upward. One of them 
ends in a lateral sacral node (q), the other turns laterally to reach a hypogastric 
node (ft). 

In Fig. 9 is shown the posterior perivaginal lymphatic plexus (c) which, together 
with the lymphatics of the anterior wall of the rectum (d), lies in the rectovaginal sep 
tum. The collecting vessels (¢) of the vaginal network swing posteriorly, in the rectal 
stalks, to reach the lateral sacral node (f). One vessel (1) arises from the uppermost 
portion of the vaginal network, turns laterally, and ends in a node of the external iliac 
group (7). 

Uterine Cervix.—The cervical lymphatic plexus of origin (c in Fig. 8) continuous 
below with that of the vagina (b), and above with that of the body of the uterus (d), 
is drained by collectors which ordinarily have two points of destination. The lowest 
cervical trunk (& in Fig. 8), dips downward for a short distance ou the posterolateral 
surface of the vagina; it then turns upward to join the lateral sacral pedicle (1) of the 
vagina. The remaining cervical trunks in this preparation pass directly upward to reach 
the lateral sacral nodes, thus constituting the lateral sacral pedicle (/) of the cervix. 
In this same figure is shown an additional drainage pedicle. On the left side a cervical 
trunk of the upper group passes obliquely upward (wr) in the broad ligament to join 
those vessels which constitute the lumbar pedicle (7) of the uterus. This is not a con 
stant finding, having been noted but three times in 30 subjects by Cunéo® and Marcille 
In Fig. 9 is shown a collecting trunk (/) of the external iliac pedicle, arising from the 
upper portion of the cervix and from the lower portion of the uterine body and passing 
laterally to end in nodes (7) which are in relation with the external iliac vessels. 

Uterus.—The mucous, muscular and peritoneal networks of the uterus contribute 
to a subperitoneal plexus from which the collectors arise (Poirier and Cunéo*). This 
dense network, shown clearly in Fig. 8, d and e, is easily filled by random punctures in 
the muscular layer. The smaller collecting vessels arise near the median line on the 


anterior and posterior surfaces of the body of the uterus. They converge at the sides 
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if the uterus in such a manner as to form a “lymphatic ring.” At e in Fig. 8, the fundus 
points directly toward the observer. The transparent preparation demonstrates this lym- 
phatic ring clearly. 

Collecting trunks from the lower portion of the body of the uterus may follow 
those of the cervix, which end in the nodes of the external iliac group (Fig. 9, /1), 
or they may join the lateral sacral pedicle of the cervix as in Fig. 8, /. Thus the 
external iliac nodes may receive collecting vessels from the vagina, from the cervix 
and from the uterine body. The lateral sacral nodes may also receive afferents from 
the vagina, from the cervix, and from the body of the uterus. 

One or two trunks arise from the anterior surface of the uterine fundus, just 
below the cornua, and accompany the round ligament on either side (b and c in Fig. 6, 





Fic. 8.—Lymphatics of the internal genitalia of a female, colored fetus at term (anterior view). 
Injections made in the mucous membrane of the vagina, posterior wall, in the muscular layer of 
the posterior lip of the cervix, in the muscular layer of the uterus and of the fallopian tubes, and 


in the ovaries, using Gerota’s solution. (a) Vagina laid open to show the posterior wall.  (b) 
Vaginal network. (c) Cervical network. (d) Network of the uterine body. (e) Network of the 
uterine fundus. (f) Network of the fallopian tube. (g) Network of the ovary. (h) Collecting 
vessels from the inferior portion of the vagina. (1) Collecting vessels from the superior portion of 
the vagina. (7) Collecting vessel from the vagina passing to a hypogastric node, t. (k) Cervical 


coliecting vessel which joins vessels /: and i to form the lateral sacral pedicle of the vagina passing 
to the lateral sacral nodes at g. (/) Cervical and uterine collecting vessels which make up the lateral 





sacral pedicle of the cervix passing to the lateral sacral nodes at g. (m) Cervical collecting vessel 
which passes upward to join the abdominal pedicle of the uterus. (7) Collecting vessels from the 
uterine fundus and from the upper portion of the uterine body entering into the abdominal or lumbar 
pedicle r. (0) Collecting vessels from the fallopian tube entering into the abdominal pedicle r. 
(p) Ovarian collecting vessels entering into the abdominal pedicle r. (q,q) Lateral sacral nodes. 
(ry,r) Abdominal or lumbar pedicles. (s,s) Juxta-aortic nodes. (t) Hypogastric node. (1) 
Lateral sacral pedicle of the vagina. (7,7) Kidneys. 

Fic. 9.—Lymphatics of the internal genitalia of a female, colored fetus at term (anterolateral 
view). The left broad ligament was sectioned near its lateral attachment, allowing the uterus to be 
partially rotated and displaced to the right. Thus the observer obtains a posterior view of the 
uterus and a posterolateral view of the vagina. The rectum remains in its normal position. In 
jections made in the muscular layer of the posterior vaginal wall, in the muscular layer of the 
cervix, of the uterus and of the fallopian tubes, and in the ovaries, using Gerota’s solution. (a) 
Rectum. (b) Vagina. (c) Posterior perivaginal lymphatic network. (d) Muscular network of 
the anterior wall of the rectum. (e) Collecting vessels from the vaginal network. (7) Lateral 
sacral nodes. (q@) Uterine network. (h) Collecting vessel of the external iliac pedicle, from the 
uterine body and cervix. (1) Collecting vessel of the external iliac pedicle, from the vagina. 
(7) External iliac nodes. (k) Network of the fallopian tube. (/) Collecting vessels from the 
fallopian tube entering into the abdominal or lumbar pedicle. (m) Ovarian collecting vessels enter 
ing into the abdominal pedicle. (nn) Abdominal or lumbar pedicle. (0) Juxta-aortic nodes. (p,p) 
Kidneys. ‘ 
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right). The destination of these collectors is the inguinal group of nodes (d in Fig. 6, 
right). 

The upper portion of the body of the uterus and the greater part of the fundus are 
drained by an abdominal or lumbar pedicle (r in Fig. 8). This group of collectors (n 
in Fig. 8) comprises from three to six vessels which swing laterally in the suspensory 
ligament of the ovary, and then upward, behind the ovary, accompanying the ovarian 
vessels. These lymphatic vessels lie on the anterior surface of the psoas muscle behind 
the peritoneum. In their upward course they cross the ureter, lying anterior to it. Op- 
posite the lower pole of the kidney they bend medially at various angles to end in the 
juxta-aortic nodes (s in Fig. 8, and o in Fig. 9). 

Ovary and Oviduct.—An injection made directly within the substance of the ovary 
(g in Fig. 8) usually serves to demonstrate the rich plexus of the hilum (?/ in Fig. 8). 

The lymphatics of the fallopian tube (f in Fig. 8, and k in Fig. 9) are readily filled 
by means of a puncture near the horn of the uterus. 

Collecting vessels from the ovary (/ in Fig. 8, and m in Fig. 9) and from the tube 
(o in Fig. 8, and ] in Fig. 9) join those of the lumbar pedicle (ry in Fig. 8, and » in 
Fig. 9) of the uterus, the course and destination of which have been described in the 
foregoing. 

Discussion.—This study indicates that the anorectal lymphatic collectors 
run in two pedicles, one inferior and one superior; the anorectal line is the 
boundary between the two networks of origin. The inferior pedicle car- 
ries vessels which end in the inguinal nodes. In the superior pedicle the 
lymphatics accompany the branches of, and the tributaries to, the superior 
hemorrhoidal vessels. 

The present study does not demonstrate the additional components of 
the inferior pedicle of the anorectal lymphatics described by Rouviere* and 
by Villemin, Huard and Montagne.’ 

Queénu,® in 1893, described a middle hemorrhoidal ganglion (lymph node). 
This has been verified by Gerota, Cunéo, and Marcille and Boulay 
(Mondor*). However, Mascagni® indicated such a node in one of his illus- 
trations. 

The position of the middle hemorrhoidal node varies. It may lie along 
the course of the middle hemorrhoidal artery or it may be found at the point 
of origin of this vessel from the hypogastric artery. The afferent vessel or 
vessels of this node are pictured (Poirier and Cunéo’) as lying on the le- 
vator ani muscle and as arising in the region of the anal musculature. The 


present study yields no evidence, whatsoever, of the middle or hypogastric 
pedicle described by Poirier and Cunéo. Mondor‘ stated that the nodes of 
the middle pedicle are not often involved by metastases. Chlyvitch? ex- 
pressed the belief that this pedicle is rare and that it is the least important 


of the three. 

Mondor stressed the group of nodes situated at the bifurcation of the 
superior hemorrhoidal artery as being the “ganglion principal du cancer du 
rectum.” He mentioned also the possibility of the occurrence of inguinal 
adenopathy in carcinoma high in the rectum, attributable to anastomoses 
between rectal and anal lymphatics. These connections were confirmed three 
times in the present study. 

Sappey® has described the lymphatics of the anus and of the genitalia 
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very well, but made no mention either of rectal lymphatics or of the anas- 
tomoses between the lymphatics of the rectum and those of the anus. 

The description offered here of the lymphatics of the external genitalia, 
in both sexes, does not differ in any essential points from those given in 
the literature on the subject. Likewise, the accepted descriptions of the lym- 
phatics of the body and fundus of the uterus, of the fallopian tubes, and of 
the ovaries are confirmed by the results of the present research. However, 
with regard to the lymphatics of the vagina and of the uterine cervix, there 
are certain points which merit further discussion, as far as their relation to 
pr ictology 1S ct mcerned. 

Poirier and Cunéo described three groups of vaginal collecting vessels, 
a superior or exterfal iliac pedicle, a middle or hypogastric pedicle and an 
inferior group which ends either in nodes of the sacral promontory or in a 
lateral sacral node. Rouviere’ considered only two principal groups of 
vaginal collecting trunks, one accompanying the uterine artery and the other 
the vaginal artery. The former corresponds to the external iliac pedicle of 
Poirier and Cunéo, the latter to the hypogastric pedicle. Rouviere added 
that, rarely, vaginal collectors may reach the nodes of the promontory. The 
present study supports the existence of a lateral sacral pedicle and of a hypo- 
gastric pedicle. In none of the preparations was any evidence found of a 
vessel passing to the nodes of the promontory. However, it is shown that 
the lateral sacral group of collectors drains both the superior and the in- 
ferior portions of the vaginal tract. Furthermore, the hypogastric trunk is 
seen to arise from the upper third of the vagina rather than from the middle 
third. The external iliac pedicle is here confirmed as described in the ac- 
cepted accounts. Rouviere believes that one cannot establish a definite dis- 
tinction between the collectors arising from the different portions of the 
vagina. 

The same three pedicles mentioned by Poirier and Cunéo in their de- 
scription of the vaginal lymphatics were again mentioned by these authors 
in connection with the absorbents of the uterine cervix. Rouviére termed 
these groups anterior, hypogastric and posterior respectively, because of their 
relative positions within the pelvic cavity. The present study yields evidence 


of the anterior and of the posterior pedicles, but fails to demonstrate a hypo- 


gastric group. Rouviére stated that the disposition of the lymphatic col- 
lectors is subject to numerous and important variations. 

As has been stated, the present study confirms the accepted descriptions 
of the lymphatics of the body and of the fundus of the uterus. This work 
also indicates the occasional existence of a lateral sacral uterine pedicle in 
addition to the lumbar, external iliac and inguinal pedicles. 

The lack of evidence of the existence of certain groups of lymphatic 
vessels, however, does not necessarily mean their nonexistence. It does, how- 
ever, indicate either the technical difficulty of injection or a difference in 
the anatomic structure of the material studied. Many of the specimens in 
this series were obtained from Afro-American subjects. 
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SUMMARY.—The lymphatics of the perineum and pelvis were studied in 
vivo and in anatomic specimens with particular reference to their relation to 
proctologic problems. 

The study of the methods of demonstrating lymphatics in vivo is only 
partially complete. Of particular interest is the vital dye, brilliant benzo 
blue 6 B. A. extra cone., which was shown to be useful for the visualization 
and study of visceral lymphatics mm vivo. This extends the work of Hudack 
and McMaster on cutaneous and subcutaneous lymphatics. 

As to the studies on anatomic specimens, previous authors have covered 
the subject well, but none of them has had the more specific, clinical field of 
proctology in view. All of the previously described genito-anorectal lym 
phatic channels, with the exception of two, have been contirmed.  As_ to 
those channels which could not be confirmed, namely the middle hemorrhoidal 
or hypogastric pedicle of the anorectal lymphatics and the pedicle of the 
sacral promontory receiving vessels from both the vagina and the cervix, 
it is not evident whether they were not found because of some fault in tech- 
nic, or whether they were absent in the material examined. The fact that 
many specimens in this series were from subjects of Afro-American stock, 
which was not the case in earlier series, may be pertinent. 

CONCLUSIONS 

Of particular interest in this study in relation to present clinical prob 
lems, is the difference in the lymphatic drainage of the genital tract in the 
two sexes. In the male the lymphatic drainage from the genitalia is for the 
most part inguinal. In the female the lymphatic drainage from the external 
genitalia is inguinal, as in the male, but the drainage from the vagina and 
from the cervix is pelvic. 

Of the pelvic lymphatics draining the female genital tract, the most im- 
portant, from the standpoint of posterior spread of vaginal or of cervical in- 
fection, or of metastases from neoplasm, are those lying in the rectovaginal 


septum and those lying in the uterosacral ligaments or rectal stalks. 
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TRANSURETHRAL RESECTION * 
Herman L. Kretscumer, M.D. 


Cuicaco, ILLINors 


THE idea of attempting to overcome obstructions at the bladder neck by 
means of transurethral manipulations is not new. The historical side of this 
subject has been presented by various authors during the past few years and 
those interested in this phase of the subject may refer to these various 
publications.?: * 

With the development of a new armamentarium for the non-surgical relief 
of bladder neck obstruction, widespread interest in electro-resection has been 
manifested both by the medical profession and the public. No surgical subject 
in urology, since the fulguration treatment of bladder tumors by Beer,* has 
received as much attention and discussion as has resection. 

From a review of recent publications and discussions it is evident that 
definite ideas are beginning to crystallize regarding the selection of cases 
suitable for resection, its value and limitations, as well as the results obtained. 

The statement seems justified that three different points of view exist 
today regarding the selection of cases suitable for resection. 

(1) With the introduction of any new procedure in our armamentarium 
one finds a group of enthusiasts who take up the new procedure with great 
eagerness and in this particular instance believe that this method will replace, 
or even has already completely replaced, surgical prostatectomy. 

(2) On the other hand, one finds another group who are just as decided 
in their views as the first group and who believe that surgical prostatectomy 
for various reasons is still the method of election. 

(3) In the third group one finds urologists who are of the opinion that 
there is a definite place in our armamentarium for both transurethral resection 
and surgical prostatectomy. These men willingly admit without controversy 
that resection is the method of choice in the treatment of bars and contrac- 
tures, small middle lobes, and, in some of the cases, of small lateral lobes, 
but that large hypertrophies should be treated by surgical prostatectomy. In 
other words, this group is of the opinion that one should make a rather care- 
ful selection of cases and not fit every patient to any one form of treatment. 

It is at this point that there will naturally arise differences of opinion 
regarding the procedure to be employed in a given case. One surgeon may 
express his opinion that the prostate is too large to be resected and that a 
prostatectomy should be performed ; whereas, another will state that resection 
is possible and will carry it out. 

My experience in a relatively large number of patients has coincided with 
the latter opinion; and | think that the recommendation for resection or 
prostatectomy may be influenced by the personal preference of the surgeon. 

* Read before the American Surgical Association, at Chicago, Ill., May 7, 1036. 

Submitted for publication June 6, 1936. ; 
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I have performed many resections, without difficulty of any kind, in patients 
who were told that this procedure was impossible. It is interesting to note the 
large number of doctors who come in for resection, despite the fact that they 
were told they needed open surgery. 

On one point, however, there is very definite agreement, namely, in the 
treatment of carcinoma all agree that transurethral resection is the method of 
election combined with radium or deep roentgen therapy. 

In trying to determine in my own mind the value and limitations of resec- 
tion I have, as far as possible, approached this problem with an open mind and 
without prejudice. 

My own position in this discussion can best be summarized by saying that 
during the past 51 months I have performed only one surgical prostatectomy 
and that during the same time I have refused resection to one patient only. 
This patient, a bad cardiac, was given suprapubic drainage until his cardiac 
function improved so that resection could be carried out. It is evident, there- 
fore, that there has been no selection of cases, irrespective of the size of the 
prostate, the nature of the enlargement, or the physical condition of the patient. 

From my experience in performing transurethral resections several very 
definite impressions have been gained; and while these views may not coin- 
cide with the views of others, I wish to present them at this time, realizing 
that perhaps some of you will not agree with me. 

There is no doubt of the fact that the period of hospitalization is much 
shorter with resection than it is with surgical prostatectomy, and while this 
fact may not be of much importance to a small percentage of patients, I believe, 
all things being equal, it is an economic factor of enough importance to de- 
mand attention. Not only does this apply to the private patient, but also to 
the ward patient, as a result of which many more patients can be treated in a 
given period of time, hence making our ward services available to a larger 
number. The average stay in the hospital was seven days except when a 
preliminary suprapubic cystostomy was required, and in these cases the 
average stay was 20 days. 

The number of patients in whom preliminary suprapubic cystostomy was 
employed became less and less as time went on. During the past three months 
only one preliminary cystostomy was done. On the other hand, I believe a 
cystostomy is indicated when catheter drainage fails because of chills, fever, 
pain, or bleeding, or when small stones with severe infection are present, or 
large stones. 

Based on my experience with resection, I am convinced of the fact that 
resection has made it possible for a large number of patients to obtain relief 
from their prostatic condition who, because of serious coexisting disease in 
other important organs, were very poor surgical risks and, as a matter of fact, 
were refused prostatectomy elsewhere. It seems justifiable to state that if 
this procedure is of necessity the method of choice in the patient who is a 


very poor risk and hence cannot undergo a surgical prostatectomy with safety, 
the assumption that it should be made available to every patient who is a good 
risk is unquestionable. 
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It is not an uncommon experience to have a patient sent in by his physi- 
cian with the request that a resection be performed because the patient is not 
a good risk for prostatectomy. The following instance is a good example of 


this type of case. 


Case 1.—A. G., aged 76, admitted to the Presbyterian Hospital, March 1, 1936. 

Present Complaint—Frequency of urination for five years with gradually increasing 
severity ; nocturia that has gradually increased, for three years. The day and night fre- 
quency accompanied with a great deal of pain on urination. During the past year there 
has been a good deal of difficulty in starting the stream; it was necessary to strain a 
long time before the urine would flow. Urgency and imperative urination during the 
past three weeks. 

Physical Examination.—Pupils equal and reacted somewhat slowly to light. Numer- 
ous coarse and squeaking rales in the lungs; breath sounds at both bases tubular in 
character. The apex heart beat was not located; the sounds, of very poor quality. 
Abdomen: marked diastasis of the recti and a double inguinal hernia. Bladder dulness 
reached to the umbilicus. Liver palpable one inch belov the costal arch. Rectal exam- 
ination: a three plus enlargement of the prostate that was smooth and firm. Seminal 
vesicles could not be felt. The edema of the feet and ankles and legs extended almost 
to the head of the fibula. Lips and finger tips, cyanotic. 

Laboratory Data—Blood: red cells, 4,250,000; white cells, 10,800; hemoglobin, 74 
per cent. Blood pressure: systolic, 170; diastolic, 70. Urine: albumin, 3 Mm.; sugar, 0; 
blood, +; leukocytes, 5,000. The colon bacillus was cultured from the urine. Blood 
chemistry : urea nitrogen, 14.3; creatinine, 1.2; nonprotein nitrogen, 33.2. 

Roentgenologic Examination—A marked diverticulosis of the colon and a bilateral 
hernia of the diaphragm. Multiple stones in the bladder. A small, contracted bladder 
with multiple cellules and small diverticula in the cystogram. 

Indwelling catheter drainage was carried out for eight days. 

Diagnosis.—Bilateral diaphragmatic hernia; diverticulosis of colon; bronchial 
asthma and emphysema; bundle branch block; myocardial damage; hypertension; arterio- 
sclerosis; benign hypertrophy of the prostate; vesical calculi; chronic cystitis; bilateral 
inguinal hernia; diverticula of bladder, and hydrocele. 

Operations—On March 9, 1936, under sacral anesthesia, a transurethral resection 
was performed and a very large middle lobe and two rather large lateral lobes were 
removed. On March 16, 1936, under sacral anesthesia, a litholapaxy was performed. 
The patient had an uneventful convalescence. Discharged from the hospital, March 22, 


1936. 


Another interesting observation noted was the fact that the number of 
cardiac cases seeking relief showed a very definite increase. Whereas, in the 
days of surgical prostatectomy about 35.8 per cent of the patients suffered 
from cardiovascular lesions, a recent study of my resection cases showed 
64.3 per cent, an increase of 28.5 per cent. This may be due to the fact that 
a more careful study of each case was made and hence more heart lesions were 
found than formerly. An electrocardiogram was made in each case prior to 
resection, and furthermore there is no doubt in my mind of the fact that 
more cardiacs were sent in for resection than were sent in for open prostatec- 
tomy because of the lower mortality rate. 

Many of the patients with hypertension have been sent in with the request 
that a resection and not a prostatectomy be performed. The highest systolic 
pressure found was 260, and a resection was performed without the slightest 


difficulty. 
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The following case is presented as an example of a patient with a severe 
heart lesion. 

Case 2.—M. C., aged 75, admitted to the Presbyterian Hospital, November 26, 1935. 

Present Complaint—Complete retention for ten days during which time he has beet 
catheterized three times a day. There is some mental confusion. 

Physical Examination—A fairly well preserved elderly man. Head and_ neck, 
negative. Lungs, considerable wheezing at the left base posteriorly and moist rales. 
Heart, enlarged; irregular in rhythm; the sounds of poor quality; pulse, that of an 
auricular fibrillation. Abdomen, negative. Rectal examination: a two plus enlargement 
of the prostate that was smooth and regular. 

Laboratory Data—Blood: red cells, 4,350,000; white cells, 7,810; hemoglobin, 88 per 
cent. Blood pressure: systolic, 142; diastolic, 60. Urine: sugar, 0; albumin, 0; blood, 0; 
red blood cells, 0; white blood cells, 140; casts, 0. Blood chemistry: urea nitrogen, 
14.8; creatinine, I.4; nonprotein nitrogen, 32. Phthalein test: a total of 62 per cent of 
the dye eliminated in one and one-half hours. 

Electrocardiogram.—Auricular flutter ; ventricular extrasystoles ; myocardial damage. 

Roentgenologic Examination Negative for stone. A small bladder with trabec- 
ulated margin and some out-pouching from the left toward the base in the cystogram. 

After three weeks of indwelling catheter drainage, bed rest and heart medication, 
the patient showed great improvement. 

Diagnosis —Coronary disease; auricular fibrillation and flutter ; cardiac decompensa- 
tion; cardiac hypertrophy and dilatation; myocardial damage; chronic bronchitis, and 
benign prostatic hypertrophy. 

Operation—On December 19, 1935, under sacral anesthesia, a transurethral resection 
was performed. The patient developed postoperative bleeding on January 6, 1936, three 
weeks after the resection. Two bleeding vessels were found; they were fulgurated and 
the bleeding promptly stopped. Patient discharged from the hospital January 17, 1936. 


The importance of a careful study of the renal function requires no em- 
phasis at this time, nor is it necessary to call attention to the fact that resection 
should never be performed until the renal function, if impaired, has been 
restored to normal or at least until it has become stabilized. 

In the largest number of cases the improvement in renal function with 
treatment is rapid, as judged by the results of the functional tests as well as 
by the patient’s general condition. In this group of patients the problem of 
determining the most opportune time for resection offers no serious problem. 

I wish, however, to discuss the group of cases with badly impaired renal 
function in which the response to treatment was very slow and the improve- 
ment hardly perceptible, and the functional tests remained fixed at a high, or 
relatively high, level. At times these levels were very high so that the danger 
of renal insufficiency was an opposing factor in case the patient was to be 
operated upon. It is in this group that the decision to operate or not to 
operate is very difficult and at times greatly taxes one’s clinical judgment. 
There is no doubt in my mind that in just this type of case transurethral 
resection should be the operation of choice and certainly carries with it less 
risk than does surgical prostatectomy. As an illustration of this type the 
following case is presented. 

Case 3.—C. E., aged 57, referred by Dr. J. B. Herrick, was admitted to the Presby- 


terian Hospital, January 10, 1936. 
Present Complaint.—Frequency of urination, urgency, burning, dribbling, and noc- 
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turia. These symptoms had been present for ten years. Patient has had pain in the 
epigastrium for ten years, nausea and vomiting for several months, and very tarry stools 
for several days. 

Physical Examination—Moderately well nourished; exceedingly pale and sallow. 
Head, neck and lungs, negative. Heart enlarged to the left; a systolic murmur at the 
apex. Examination of the abdomen showed a large tumor mass extending four finger- 
breadth above the umbilicus. Liver, palpable. Rectal examination: a one plus enlarge- 
ment of the prostate, smooth, with no signs of carcinoma. 

Laboratory Data—Blood: red cells, 2,520,000; leukocytes, 9,850; hemoglobin, 44 
per cent. Blood pressure: systolic, 150; diastolic, 96. Urine: albumin, 0; sugar, 0; 
blood, 0; leukocytes, 0. Blood in the stool. Blood chemistry: urea nitrogen, 105.6; 
creatinine, 6.3. Phthalein test: only a trace of dye excreted in one and one-half hours 
(Table I). 

Roentgenologic Examination.—Negative for stone. A set of intravenous pyelograms 
showed no visualization. Further studies by Doctor Herrick established the fact that the 
patient had a duodenal ulcer and a polyp in the pyloric antrum. 

A catheter was passed into the bladder and gradual decompression instituted. This 
required 21 days. The patient was given three blood transfusions, each 500 cc. of whole 
blood. 

TABLE | 


SUMMARY OF THE FUNCTIONAL TESTS IN CASE 3 


Phthalein Test 


Date Urea N. Creatinine N.P.N. Appearance Time % in 1% hrs. 
I—I1I-36 105.0 6.3 
I-13 45 min. Trace 
I-16 69.5 = aay 4 74-4 
1-23 83.3 2.9 102.6 42 min. Trace 
I-29 102.5 2. © 123.0 
2-6 129.0 2.9 142.9 
2-12 g1.8 BA 125.8 
2-17 90.1 2.9 105.3 55 min. Trace 
2-24 58.8 2:7 74.1 
§~'2 55.1 2.5 86.7 
a 55.6 2.5 72-7 
= 10 min. 11% 
oe 50.2 $:4 92.2 
3-18 59.2 2.4 70.2 
71 19 min. 20% 
3-23 54.0 z:.0 70.2 
eo 54.4 2. © OL .5 
3-31 12 min. 26°; 


Diagnosis—Polyp of stomach; ulcer of duodenum; marked secondary anemia; hyper- 
tension; severe hemorrhage from intestinal tract; benign prostatic hypertrophy ; chronic 
urinary retention; marked renal insufficiency ; bilateral hydronephrotic atrophy of kidneys. 

Operation—On April I, 1936, a transurethral resection, under sacral anesthesia, was 
performed. The patient had an uneventful convalescence. Discharged from the hospital 
on the fifteenth postoperative day. 


[ cannot agree with those who believe that because resection carries with 
it a much lower mortality rate, it is a relatively simple procedure, and that 
careful, detailed preoperative study and preparation can be dispensed with 
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and resection instituted at once. It seems to me that this is both poor teach 
ing and poor practice. Because of the large number of cases that I have seen 
with serious organic disease,* not only in the upper urinary tract but in other 
organs, I believe it is absolutely necessary to obtain a careful history, as well 
as make a complete physical examination in each case and carry out the neces- 
sary preoperative treatment. 

As my experience with resection has widened I have operated upon a cer- 
tain group of cases without preliminary catheter drainage. Heretofore all 
patients who had four ounces or more of residual urine were given prelimi- 
nary catheter drainage. At the present time no preliminary drainage is em- 


B 





Fic. 1.—(A) Showing a small view of the bladder cavity and the presence of two large lateral 
lobes. (B) Showing the presence of the lateral lobes and the very markedly narrowed urethra. 


(C) Showing the lateral lobes and the verumontanum. (D) Partial removal of the right lobe. 
(E) Complete removal of the right lobe. (F) Complete removal of both lobes. The verumontanum 
is intact. 


ployed in a patient in whom the residual urine does not exceed six ounces, 
provided the urine is clear, the renal function normal, and the heart and lungs 
are in good condition. 

Preliminary cystoscopy is no longer carried out as a routine; once the 
diagnosis of prostatic obstruction has been made the type of enlargement is 
determined at the time the resection is performed. The exception to this 
rule is in case the history is not typical for prostatic obstruction, there is a 
history of one or more attacks of hematuria, and the cystogram shows a 
filling defect. 

After the sheath has been passed into the bladder the examining tele- 
scope is introduced and the bladder cavity examined for tumors and stones. 
A search for diverticula is also made and finally the configuration of the blad- 
der orifice is determined (Fig. 1 A, B and C). 
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The bladder orifice is next examined with the retrograde lens, and a good 
deal of information is obtained regarding the size of middle lobe and bars 
(Figs. 2 A and B and 3 A). Hypertrophy of the interureteric ligament and 
the resulting pouch behind it can best be demonstrated with the retrograde 
lens. When these conditions are marked I always resect the hypertrophied 
interureteric ligament. 

The third and last step is the examination of the prostatic urethra to 
determine the size and extent of the intra-urethral enlargement and its rela- 
tionship to the verumontanum (Fig. 1 C). 












Lateral ~ 7 
lobes ~Veru 
Fic. 2.—(A) Showing the presence of a large middle lobe. (B) View showing the lateral lobes, 
the middle lobe, and the verumontanum. (C) Beginning resection of the middle lobe. 


POSTOPERATIVE REAcTIONS.—The general opinion seems to prevail that 
following resection there are fewer postoperative complications and that when 
they do occur they are not so severe and are relatively much shorter in dura- 
tion. I can subscribe to these views. 


A B C 
Cutting loop 





Fpost ga Bar removed 


Fic. 3.—(A) Showing the presence of a bar. (B) Removal of bar. (C) The hypertrophied inter- 


ureteric ligament comes into view. 


MULTIPLE REsECTIONS.—Objections to this method have been made be- 
cause of the fact that a second or even a third resection is necessary. This, 
I do not believe, is sound reasoning and requires some qualification. In this 
series of resections a second one was performed in 10.6 per cent of the cases, 
and a third one in 3.7 per cent. A study of this group shows that the cases 
can be divided into, and discussed under, three headings. 

923 ° 














Annals of Surgery 
November, 1936 


HERMAN L. KRETSCHMER 


(1) In the cases of carcinoma a second resection is necessary when the 
carcinoma, because of its recurrence or continued growth after the resection, 
again produces obstruction. I believe that two resections for carcinoma ar 
preferable to one suprapubic cystostomy and a permanent suprapubic drain 
or catheter. 

(2) In this group are the patients with large benign hypertrophies in 
whom, it can readily be understood, the obstruction cannot be removed at one 
operation, because of the size of the growth. I always tell these patients that 
a second resection may be necessary. 

(3) In the remaining cases in this group are the patients in whom not 
enough tissue was removed at the first resection. This occurred with some 
frequency in the early cases, but with experience a second resection became 
less and less frequently necessary. 

HeEMorRHAGE.—Before the technic of resection was completely mastered, 
hemorrhage at the time of operation was at times a serious problem, but with 
experience this untoward occurrence becomes less and less of a problem, 
although occasionally a serious hemorrhage occurs no matter how careful one 
may be. Careful search for the bleeding point should be made and its imme- 
diate control effected. I endeavor to have the patient return to his room with 
the wash water free of blood, that is, clear or faintly tinged. Each bleeding 
point should be isolated and fulgurated before proceeding with the resection, 
and, above all, blind indiscriminate coagulation is to be avoided. I believe that 
late secondary bleeding and the persistence of infection are due in some cases 
to indiscriminate widespread and deep coagulation. 

Secondary bleeding occurring on the tenth to the fourteenth day was 
present in 19 cases but was never severe. Clots, when present, were evacu- 
ated with the Bigelow pump and the bladder washed out with a warm so- 
lution of silver nitrate. In most of the cases this controlled the bleeding, 
but when this procedure failed the resectoscope was introduced, and the bleed- 
ing point fulgurated or excised. 

Late hemorrhage occurred in 14 cases, at periods varying from three 
months to two years after the resection. In the cases that I have had an 
occasion to reéxamine, enlarged vessels around the bladder orifice and in the 
prostatic urethra were found. These were destroyed by fulguration. An 
interesting fact is that these late hemorrhages occurred in patients with very 
large prostates. 

In one instance in a patient aged 80, hemorrhage occurred 26 months 
after resection. A suprapubic cystostomy was performed (elsewhere) in 
order to control the bleeding. The patient was unable to withstand even this 
simple procedure and died. 

Epripipymitis.—The incidence of epididymitis has diminished as experi- 
ence with resection has grown. Of the first 117 cases 15 per cent had this 
complication, and a routine vasectomy was done, an operation no longer em- 
ployed, as this complication is very rare. 

Resutts.—In order to determine the results obtained with resection, two 
methods of investigation were used: (1) In so far as it was possible, every 
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attempt was made to have the patients return to the office or hospital for a 
personal examination. (2) Many of the patients who lived out of town 
could not, or would not, travel to the city for personal interviews and examina- 
tions, hence it was necessary to resort to a questionnaire. 

When the obstruction had been completely relieved and there were no 
complicating conditions present, the symptoms rapidly subsided, the pyuria 
disappeared, and the urine became clear. It might be well, at this time, to 
mention the fact that in some of the patients in whom the pyuria persisted, 
without symptoms and without residual urine, and in whom no local treat- 
ment was instituted, examination at the end of from three to six months 





Fic. 4.—Showing a diverticulum much larger than the bladder. 


showed a complete disappearance of the pyuria. In other words, in some of 
the cases a certain elapse of time was necessary before the urine became clear. 
This can readily be understood because cystoscopic examination in some of 
these cases still showed the presence of white sloughs at the end of 11 weeks. 


\side from the slow healing in some of the cases there were other causes 
for the persistence of the pyuria, among which may be mentioned : 

(1) The Presence of One or More Diverticula—In some cases one or 
more diverticula were responsible for the turbid urine, although the patient 
was symptom free; under these circumstances it was difficult to convince the 
patient that a diverticulectomy should be performed in order to clear up the 
turbid urine (Fig. 4). 
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(2) The Presence of Large Hydronephrosis—In some of the cases of 
persistent pyuria, hydronephrosis was the contributing factor; even after the 
prostatic obstruction had been completely relieved, the hydronephrosis and 
hydro-ureter persisted, with stasis and infection, and hence pyuria. This can 
not be reasonably charged as a failure of resection. 

(3) Infection in the Seminal Vesicles—Infection in the seminal vesicles 
as a cause of the persistence of symptoms and turbid urine following surgical 
prostatectomy is recognized by all urologists, and was stressed by Boyd® some 
years ago. If symptoms and turbid urine persist after a reasonable time and 
if infection is found in the seminal vesicles upon examination, then the use 
of heat per rectum, systematic massage, and instillations will result in com- 
pletely alleviating the symptoms and clearing up the urine. It is well to bear 
in mind that even when the urine is clear infection in the vesicles may be the 
cause of symptoms. 

(4) The Formation of Stone—Calculus formation following resection 
has been rare in my experience, having occurred only four times; three in 
my own cases and once in a case resected elsewhere. After litholapaxy there 
was a complete disappearance of the pyuria and the symptoms. 

(5) Failure to Relieve the Obstruction—Naturally, failure to relieve the 
obstruction results in a continuation of the symptoms, as well as a persistence 
of the pyuria. 

(6) Indiscriminate, Widespread Coagulation in Controlling the Bleeding 
at the Time of Resection—This has already been considered under 
hemorrhage. 

ResipuaL Urine.—The objective in the treatment of the patient suffering 
from prostatic obstruction has, as its ultimate goal, the relief of the obstruc- 
tion; whether or not this result has been attained can best be determined by 
the estimation of the residual urine. It is necessary to bear in mind that the 
amount of residual in a certain number of cases will gradually diminish. | 
have seen patients who, when discharged, still had an ounce or two of residual 
urine, and when examined six months later had only a few cubic centimeters. 
It is fair to assume, therefore, that in some of the patients mentioned in the 
table, smaller amounts of residual urine could be demonstrated if the oppor- 
tunity of an examination were presented today. 

I have had the opportunity of examining 273 patients for the purpose of 


determining the question of residual urine (Table IT). 


TABLE IT 


AMOUNTS OF RESIDUAL URINE IN 273 CASES FOLLOWING TRANSURETHRAL RESECTION 


No residual urine............. er or 181 cases (66.30%) 
NEPOOD AONE Cosi osute gis winlaine > cies a Lsveeiseecs wgcases 6.27%) 

MNS oy, 2 ats eth oe ks > pees Sie ea as (82.41%) 
eet i ee a2 vkiesss Wy Cases: (6.29%) 
EPRI. coset usu cea Ear eens ERE Les 5 cases ( 1.83%) 
WRN se en os ere dah es 6 cases ( 2.19%) 
PMNS Ire Nie bi 2 oe gol odins 1b wie BOGS 20 cases ( 7.32%) 
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A detailed analysis of the 20 patients who had 50 or more cubic centi- 


meters of residual urine is presented in Table IIT. 


TABLE III 


ANALYSIS OF CASES WITH HIGH RESIDUAL URINE 


Diverticula of bladder...... : POPP ETT Is ee 
Carcinoma of prostate... . Bactetara 4 5 cases 
Large hydronephrosis..... . Ssneie tele oscil at eee 
Bladder and prostatic calculi. ..... ideale ata sere RES 
Periprostativis.. ....... eae BR oe I case 
Second resection advised... . eee: ... 2 cases 
No return for check-up........ SO Re . 3 cases 


In some of these cases the persistence of turbid urine was due to changes 
which might be directly ascribed to the bladder neck obstruction and hence 
one cannot rightfully classify such cases as failures; for instance, in five cases 
the diverticulum was responsible for the persistence of turbid urine, and I am 
of the opinion that part of the residual urine can also be explained on this 
basis. In the cases of carcinoma of the prostate the carcinoma continued to 
grow and hence produced obstruction. In two cases the large hydronephrosis 
was responsible for turbid urine and a certain amount of residual. The two 
patients with bladder calculi were relieved of the turbidity of their urine and 
obstruction as previously mentioned under the subject of formation of stone 
following resection. In two cases sufficient tissue had obviously not been 
removed and the patient refused to have a further resection. And, finally, in 
three instances it was impossible to have the patients return for a check-up. 

INCONTINENCE.—There has been no instance of complete incontinence in 
this series of 804 resections. Shortly after leaving the hospital a small 
number have had difficulty in holding urine. This was not due to incontinence, 
but to urgency and imperative urination. Continence was eventually recov- 
ered. In a few instances the patients would lose a few drops, but this was 
temporary and, as the infection cleared up, the condition rapidly disappeared. 
In two instances the patients’ loss of a few drops was due, not to incontinence, 
but to stricture of the urethra. 

In one instance, a recent case, lack of control was rather marked and an- 
noying during the daytime, but at night the control was perfect. The patient 
was given ephedrine, and at examination, three days ago, showed great 
improvement. 

In a second case, when last seen three months ago, the patient had per- 
fect control at night and during the day except when he assumed certain 
positions, and then a few drops would escape. 

URETHRAL StricTuRE.—Whether or not stricture formation will occur 
in a sufficiently large number of cases, to justify the statement that resection 
produces stricture, must be determined with the passage of time, and the same 
should be said regarding the question of whether or not it will occur more 
frequently with resection than it did with surgical prostatectomy. Doubt has 
recently been expressed as to whether or not resection produces a stricture, 
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it being the opinion of some that when stricture is found following resection 
the stricture was present before operation. 

SEXUAL FuNctTIoN.—So far as the sexual function was concerned, there 
has been no decided change. In the majority of the cases there has been no 
change, whereas, in some, with an improvement in the general condition, 
there has been an improvement in the sexual function. In only a few cases 
has there been a slight impairment of function. 

RECURRENCE.—A good deal of discussion has centered around the question 
of whether or not recurrence will take place following transurethral resection. 
This question cannot be definitely answered at this time. It is a well known 
fact that recurrences have taken place following both suprapubic and perineal 
prostatectomy. One of the characteristics of recurrence following surgical 
prostatectomy is the fact that the interval between the removal of the prostate 
and the development of symptoms which demand further prostatectomy aver- 
ages about eleven and one-half years.® It stands to reason that if recurrences 
are going to occur, the time since the introduction of resection has not been 
long enough for them to develop. On the other hand, should recurrences 
occur after a period of five or ten years, a second transurethral resection 
should be a perfectly simple procedure. 

Mortatity.—The mortality rate has fluctuated from time to time, depend- 
ing in part upon the type of cases and whether or not one wishes to refuse 
resection to many of the so called “bad risk’”’ cases, which I have not done. 
My records show that I have performed 184 resections with but one death 
a mortality of .54 per cent. Recently a large number of “bad risk’’ cases 
have presented themselves and the mortality in 804 resections was 3.9 per cent. 

If resection can relieve both obstruction and symptoms, and also has to 
its credit a shorter period of hospitalization, a lower mortality rate, and fewer 
postoperative complications than in the cases in which prostatectomy is per- 
formed, it obviously has merit and should find its proper place as a surgical 


procedure. 
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Discusston.—Dr. Epwin BEER (New York, N. Y.).—A certain amount 
of exaggeration and overenthusiasm may be necessary to call attention to, and 
to put over, a new surgical procedure. Whether this is due to the natural 
lethargy of a large part of the medical profession, I do not know. As a result 
of this overswing of the pendulum, at times harm is done, but this is usually 
only a temporary state. Eventually the pendulum swings back, a normal 
equilibrium is established, and the exact position of such a new procedure as 
Doctor Kretschmer has so clearly presented to us, is recognized. This cor- 
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rection of the overenthusiasm is already manifest in the literature, and before 
long we shall recognize clearly the possibilities of this new method of attack. 
and at the same time its limitations and dangers. 

About 1909, Hugh Young started the transurethral removal of fibrous 
obstructions at the bladder neck, after the various attempts of European 
surgeons along these lines, during the latter half of the last century, had given 
way to the operation of prostatectomy. One year later the profession became 
acquainted with the surgical use of the high frequency current in the blad- 
der, and its possible therapeutic value in instances of bladder papillomata, 
tuberculous ulcers of the bladder and prostatic adenomata. Since those days, 
the instrumental advances and the modalities of the currents have been 
much improved and modified, so that at present we have a variety of in- 
struments for cutting out pieces of the bladder neck and of the prostate, 
either by punch procédures followed by cauterization, or by resectoscopes 
with loops of one sort or another, activated by the high frequency cutting 
current of such oscillations and intensity as to cut living tissue under water. 
These changes are in the nature of a great and fundamental advance. 

The three types of cases in which these new methods are of use are as 
follows: 

(1) Contractures of the neck, which in years past were excised by 
wedge excision from above through the bladder. These can be cut with a 
point or loop electrode with complete relief of symptoms, using an ordinary 
operating cystoscope or a resectoscope. This is a great improvement over the 
cold punch operation or the suprapubic excision. The latter procedure or 
approach, however, may be useful when the exact physical status of the neck 
of the bladder is not accurately visualized. 

(2) Obstructions caused by carcinoma of the prostate also lend themselves 
very satisfactorily to these transurethral resections, which may be repeated as 
new obstructions develop. The pathologic tissue removed during these 
operations is often helpful in establishing the correct diagnosis. 

(3) When it comes to the ordinary and usual type of prostatic hyper- 
trophy or adenoma, the field of transurethral resections has no limitations for 
some enthusiasts and very definite limitations for others. In this group of 
patients, there is a subgroup with mild symptoms of frequency and ques- 
tionable obstruction, associated with a very small amount of residual urine 
and a very moderately enlarged prostate, upon whom no experienced surgeon 
would have felt justified in performing a prostatectomy. These patients 
present a definite potential field for transurethral resections, and may repre- 
sent a large proportion of the total in most published series of resections. The 
frequency, and perhaps infection, do not regularly disappear, but may be 
made worse following these excisions of some prostatic tissue, despite reduc- 
tion of residual urine. These cases are definite beginning prostatic adenomata 
and have nothing to do with those cases which have been resected prophy- 
lactically before any definite complaint has developed. It is doubtful whether 
resection affords these patients the expected relief with any regularity. If 
the subjective complaints are well developed, one is justified in attempting to 
give relief by resection, even though it may be only temporary and incom- 
plete. Correct diagnosis here, as always, is essential. 

In addition to these mild prostatics who frequently are worse off after a 
resection, there are two other groups of definite prostatic adenomata that 
must be discussed: (a) the moderately large, bilobe, trilobe or single lobe 
prostate, and (b) the very large, more or less trilobe or bilobe hypertrophy. 
In those localities where no pressure is brought to bear upon the surgeon by 
competitors or by the patient or his friends, the opinion is gradually devel- 
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oping that the last mentioned group of very large, succulent adenomata should 
be treated radically and definitively by prostatectomy or enucleation of the 
adenomata, either by the suprapublic or the perineal approach. This atti 
tude seems to be based on a great many factors, without denying that if the 
“resectionist” is patient he can whittle away a fair amount of the largest 
prostates in one or more sessions. 

The operation of suprapubic prostatectomy in two stages has gradually 
assumed the status of an almost minor procedure, with a low mortality, 6 plus 
per cent, usually incidental to cardiovascular disturbances, and with complete 
cure and no chance of recurrence, if properly performed. On the other 
hand, the transurethral approach in these cases frequently is followed by a 
whole group of new complications, such as primary or secondary hemorrhage 
into the bladder, requiring repeated evacuation of clots, invariably causing 
great discomfort, infection of the bladder and the more or less completely 
resected prostate base, which frequently, much more frequently than is re 
ported, may turn the scales against the patient, not to mention the various 
instrumental damages and perforations that are reported by competent instru- 
mentalists. In this group of cases, the prolongation of the necessary in- 
strumental work and the various complications are liable to have a definitely 
higher mortality than follows a two stage suprapubic enucleation. This is 
our experience, and I believe if this type of case were alone considered, the 
data of other clinics would probably bear me out. The trouble with most 
statistical studies along these lines is that the mortality statistics are grouped 
covering the simple cases of contracture, the small, almost symptomless 
hypertrophies, the prophylactic excisions, perhaps incorrectly interpreted 
cystoscopically, and the moderate sized but definite prostatic adenomata, as 
well as the large hypertrophies. 

In the moderately enlarged prostates, as opposed to the very large adeno- 
mata which weigh one or more ounces and are as large as one to three or 
more lemons, there is a definite field of usefulness for this method, even 
though repeated sessions may be required before the patient can void and be 
comfortable, and even though one may, as time goes on, see more and more 
of these partially removed adenomata redevelop and produce recurring symp- 
toms, which is a rare sequela to a properly executed, complete enucle ation. 
There is no doubt that in this group of moderately enlarged prostates one is 
justified, if the patient requests it, and especially if he is a poor surgical risk 
owing to poor renal function, coronary disease, diabetes, and so forth, in 
using transurethral resection. From my experience, I find a careful follow 
up of these resected cases leaves much to be desired, and perhaps in view of 
the ease with which transurethral resections can be done with our modern 
instruments, the technician is liable to be too enthusiastic, emphasizing the 
procedure rather than the result. Further experience will decide whether 
the life expectancy of resected patients is equal to, or as long as, that of 
patients who have had a total prostatectomy. 

In traveling during the winter in the South, I have been impressed by the 
reports of large numbers of “resected” patients who require continued treat- 
ment, soundings and bladder irrigations, etc., which practically no properly 
prostatectomized patient ever requires. There is no doubt that most resected 
cases void more readily and have much less residual than prior to operation, 
but large numbers are not absolutely and definitely cured, as they are after 
a complete enucleation of the adenoma by operation. Pyuria, frequency and 
dysuria often persist for months or permanently in every series in which a 
really careful follow up is maintained. 

That transurethral resection of the prostate has become an unusually 
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popular procedure, without due selection of cases, cannot be denied. This 
is clearly evidenced by the fact that few clinics in the first 30 years of this 
century were able to report over 1,000 cases in whom prostatectomy had been 
indicated and performed, whereas in the last five years a number of clinics 
have reported over 500, and some even 1,000 to 2,000, cases that have been 
suitable for and required transurethral resection. Is the male in our race 
degenerating so rapidly, or is every male a potential victim of the resection- 
ist? Even after broadening and extending the indications for treatment of 
prostatism by prostatic resection, it takes a lot of imagination to believe that 
this sudden increase in prostatics is not a product of poor, inadequate and 
slipshod diagnostic investigation. Naturally it follows that in these cases, 
without the usual imbalance caused by real prostatic adenomata, the mortality 
of resection must be low, the risk being almost negligible. 

We must remember that we are doctors, and not be carried away with 
technical performances which savor occasionally of tricks. Undoubtedly the 
popularization of transurethral resection has done infinite damage to patients 
throughout the country, to mention only the reported great increase in the 
sale of penis clamps for postoperative incontinence. It may take some time 
before the fever abates, but from an adequate, carefully studied series of 
cases, notyrunning into overwhelming thousands, I feel sure that the pro- 
fession will decide, much as I have done in the above few words, as to the 
field and scope of transurethral resection. 

Dr. WitttAmM E. Lower (Cleveland, Ohio).—The procedure of trans- 
urethral resection of the bladder neck for obstruction has been revived in the 
last few years and, as Doctor Kretschmer has said, this is probably due to 
improvements in instruments and electrical apparatus. Not only are the 
median bars and the sclerotic obstructions resected now, but the use of trans- 
urethral resection is being extended to include a much wider field, especially 
in the treatment of prostatic hypertrophy. 

I think one thing Doctor Kretschmer did not stress sufficiently is that 
transurethral resection is not a simple procedure. Technically, it is more 
difficult than prostatectomy and the convalescence following this operation 1s, 
in many cases, not without complications. If the operation is not well done, 
incontinence occurs with its associated annoyance. 

In what cases should this procedure be used? Experience has taught us 
that its scope of usefulness is much wider than we formerly thought, but 
again, I want to emphasize the danger of broadcasting the simplicity of the 
operation. However, it is true that it carries with it a low mortality rate and, 
so far, the postoperative results in most cases have been very good. In ap- 
proximately 500 resections which we have performed, the mortality rate has 
been 1.8 per cent and we have had a series of 225 cases without a death. 
These are not selected cases, but include those of all types, as well as many 
feeble and elderly persons. 

I want to emphasize a few things Doctor Kretschmer pointed out. First, 
the shortening of the preoperative period without catheter drainage. We no 
longer put in a catheter or make a cystoscopic examination in these patients. 
If a patient comes in with a history of frequency and especially of nocturia, 
we plan to make a cystoscopic examination and prepare the patient for a 
resection. If, at the cystoscopic examination, we find that the obstruction is 
not suitable for resection, we treat the patient in another way. But if it is 
suitable for resection, we do it at the same time, thus avoiding catastrophes 
that sometimes follow the use of the indwelling catheter. 

As we have gained wider experience, we have removed larger and larger 
amounts of tissue. Another advantage of this operation is that a second or 
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even a third operation may be performed if necessary, without any special 
risk. 

Bleeding is becoming inconsequential. When the procedure was first 
used, bleeding occurred frequently, but in only one case have we had to open 
the bladder. 

The incidence of epididymitis in the entire series is 6.8 per cent, and the 
average hospital stay is less than seven days; this economic factor is of con- 
siderable importance, especially in these times. 

There is no doubt that this method is very practical and of far reaching 
importance, but its use must be limited to those who have had sufficient ex- 
perience to perform it properly; otherwise, we are going to have many 
crippled old men and a high mortality rate from a method which, when 
handled properly, is an extremely valuable one. 


Dr. Hucu Casror (Rochester, Minn.).—In the first place, there are vari- 
ous methods of whittling out the prostate through the urethra. My notion is 
that the instruments will probably be greatly modified. But I insist we ought 
to discuss the problem without prejudice. Doctor Beer has perhaps a case 
to prove. I think he does chiefly prostatectomy. Doctor Kretschmer has a 
case to prove. He does chiefly resection. I have no case to prove. 

Doctor Beer refers to the unfortunate results of resection. If we would 
tell the truth, we could load the statistics pretty handsomely with the unfortu- 
nate results of prostatectomy. The mortality of prostatectomy, which up to 
the last few years was in more than half of the cases in the hands of the 
occasional surgeon, has never the country over been less than 20 per cent, 
and is not now. Prostatectomy is an operation for experts, whether you use 
the suprapubic, transurethral, or the perineal method. I insist that we ought 
to confine our discussion to the results obtained by experts, not the results 
obtained by people who operate upon the patient not for prostatic obstruction 
but for a hundred dollars. That will cause damage, and does, in every field 
of surgery. That is not fair to the operation. 

Six years ago, more than half the patients on my surgical list were pros- 
tatectomies. I have not done a prostatectomy in three years. There have 
been only three or four done in the last two years at the Mayo Clinic. 

The age group is interesting. One thousand nine hundred twenty-two 
consecutive prostatectomies, done between 1924 and 1932, showed a 5.6 per 
cent incidence of patients over 75 years of age. The last 700 cases, up to 
January 1, 1936, show 15.7 per cent of the patients over 75. 

It is frequently suggested that this operation is being performed chiefly 
for people who do not need it. I do not think that is true. We are operating 
upon sicker patients and with better results. 

It has been the habit at the clinic, and it is not a bad one, to keep all the 
tissue which the surgeons remove. About a year ago I thought it would be 
interesting to take a series of 1,000 cases, to give a fair average of the gross 
amount of prostatic tissue removed by suprapubic prostatectomy, and com- 
pare it with the gross amount removed by transurethral resection. The 
amounts removed by resection are approaching those removed by prostatec- 
tomy. The group at the clinic doing resections now take out almost as much 
tissue on the average as was taken out by prostatectomy five years ago. It 
thus appears the transurethral method is becoming the method of pros- 
tatectomy. If we insist upon the same amount of skill for this method as is 
shown by the experts using the suprapubic or the perineal route, then resec- 
tion has much to offer and will cover a large portion of the field. 


Dr. Herman L. KretscuMer (Chicago, Ill.) closing.—I agree with 
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Doctor Beer that a great deal of harm is done by enthusiasts, whether they 
be in the field of general surgery, urology, or internal medicine. I have tried 
to approach the problem of transurethral resection with an open mind, with- 
out any preconceived notions, and have tried not to become hyperenthusiastic. 

Just as the occasional patient may fail to receive symptomatic relief after 
an appendectomy, so there may be patients who do not obtain symptomatic 
relief, or are apparently worse, after resection. Close analysis of this group 
will show that the obstruction has not been completely relieved in some cases ; 
in others, the complaints are due to an overlooked carcinoma or the presence 
of a diverticulum or, in a rare instance, are due to a large hydronephrosis. 

Regarding the number of resections: In my experience it has been neces- 
sary in about 10 per cent of the cases to perform a second resection, and, as 
| mentioned in the paper, the cases in whom a second resection was necessary 
fall into three groups: first, the cases of very large hypertrophies in whom it 
is evident that a second resection was necessary to remove the obstruction ; 
second, the cases of carcinoma that recur or that continue to grow and produce 
obstruction ; third, the small number of cases in which not enough tissue had 
heen taken off at the time of resection. There were five patients who required 
three resections each. 

I agree with the statement that has been made that it is unfortunate that 
there has been so much sales promotion regarding various types of machine 
and not enough stress has been placed on thorough grounding in pathology 
and endoscopy of the prostatic urethra and bladder neck. 

Regarding the question of incontinence, I would state that we have no 
patients with complete incontinence; there were two patients who had some 
slight trouble and they are rapidly improving. 

[ wish to emphasize what Doctor Lower said, namely, that this is not a 
simple operation and that technically it is very difficult to carry out. 

Regarding the selection of cases, I have tried to emphasize in this paper 
that this is still a moot point for discussion. An interesting thing was noted 
in this series of cases, namely, that the nego who had late secondary 
bleeding, that is, who had bleeding two or more vears after resection, were all 
patients who had very large hypertrophies in the beginning. 

I wish to agree with the rest of the points made by Doctor Cabot and 
Doctor Lower and it seems to me that this procedure will take its proper 
pl ice in OUr armamentarium in the ve ry near future. 











RELIEF OF PAIN BY PERIPHERAL NERVE BLOCK 
IN ARTERIAL DISEASES OF THE LOWER EXTREMITIES* 


Beverty C. Situ, M.D. 


New York 


FROM THE DEPARTMENT OF SURGERY, COLLEGE OF PHYSICIANS AND SURGEONS, COLUMBIA UNIVERSITY, NEW YORK CITY 


Forty-six cases of ulceration and gangrene in the lower extremities 
caused by occlusive arterial diseases (arteriosclerosis with and without dia- 
betes mellitus and thrombo-angiitis obliterans) were treated by the author at 
the Presbyterian Hospital between 1930 and 1935, by peripheral nerve block 
in the lower third of the leg. 

The operations were performed by exposing the nerves and_ blocking 
them with either one or a combination of the following methods: injection 
of alcohol and crushing, division, division and sutures, or by crushing 2 to 6 
Mm. of the nerve. 

The foot receives its nerve supply from the posterior tibial which sup- 
plies the skin of the sole, tarsal and metatarsal joints, skin of the plantar 
medial side of the great toe, and adjacent sides of the second, third, fourth 
and fifth toes. The sural supplies the skin of the heel, lateral side of foot 
and fifth toe and, occasionally, the lateral side of the fourth toe. The deep 
peroneal supplies the ankle joint, tarsal joints, metatarsophalangeal joints of 
the second, third and fourth toes, adjacent sides of the great and second toes, 
and the first metatarsophalangeal joint. The superficial peroneal supplies the 
skin over the greater part of the dorsum of the foot, lower part of the leg 
anteriorly and laterally, medial side of the great toe, adjacent sides of the 
great and second toes, skin of the medial side of the ankle and foot, contigu- 
ous sides of the third and fourth and fourth and fifth toes, lateral side of 
the foot and ankle, and dorsal surfaces of all toes except the lateral side 
of the fifth toe. Frequently some of the lateral branches are absent and 
their function is taken over by the sural. 

The internal saphenous nerve supplies the skin of the medial ankle region 
and medial side of the foot as far as the ball of the great toe. 

Verneuil,” in 1894, reported a case in which Quenu, in 1893, resected 
portions of the internal and external popliteal and internal saphenous nerves 
in the popliteal space because of pain from gangrene of the leg, due to ex- 
posure, in a patient 75 years old. On admission his condition of extremis 
prevented radical amputation. He was entirely relieved of pain by the nerve 
division. Chauffard described a case, reported by Quenu,'* in 1910, operated 
upon by Duval, in 1909, for gangrene of the great toe in which he sectioned 
the anterior and posterior tibial, internal saphenous and musculocutaneous 


* Read before the New York Surgical Society, December 11, 1935. 
Submitted for publication January 28, 1936. 
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nerves at the ankle for excruciating pain. The patient experienced imme- 
diate and complete relief. 

Silbert,’7 in 1922, reported three cases of thrombo-angiitis obliterans in 
whom he exposed the posterior tibial nerve under novocain anesthesia and 
injected it with absolute alcohol at the internal malleolus and obtained relief 
from pain in the foot. 

The following are various treatments reported for the relief of pain in 
the lower extremities: ligation of the peripheral arteries and veins® ** 1°; 


periarterial sympathectomy” 11°; periarterial injection of alcohol’ 1"; 


dorsal and lumbar sympathectomy ganglionectomy’ *; injection with alcohol 
16 


about dorsal and lumbar sympathetic ganglia® 1°; intravenous injection of 


foreign protein® 4; intravenous injection of hypertonic (5 per cent) saline’ ; 
division of subcutaneous nerves about painful ulcerations®; pressure-section 
treatments and peripheral nerve block.1® 1° 

Smithwick and White,!8 in 1930, were the first to report a systematic 
technic for alcohol injection of the sensory nerves in the leg in order to render 
the foot insensitive. They advocated exposing the nerves low enough in the 
leg so that the injection did not paralyze the muscles of the leg and suff- 
ciently proximal to the lesion to anticipate a reasonable chance of primary 
operative wound healing. 


In 1935, the same authors'® 


reported 28 cases of thrombo-angiitis ob- 
literans and 17 of arteriosclerosis with extensive obliteration of vessels, severe 
pain, ulceration and gangrene, in whom conservative treatment had failed 
and peripheral nerve block by alcohol injection was performed. 

Laskey and Silbert,$ in 1933, recommended nerve section and suture in 
preference to alcohol injection because it was impossible to be sure that all 
of the nerve fibers came in contact with the alcohol and alcohol leaking from 
the nerve into the tissues might cause necrosis. 

Peripheral nerve block is an anatomic operation which should not be 
attempted until the operator has familiarized himself with the exact local 
anatomy. Poor wound healing may be attributed to extensive dissection be- 
cause of lack of anatomic knowledge and failure to appreciate the amount of 
operative trauma these tissues will tolerate. Perfection of operative technic 
on anatomic specimens is recommended before the operation is attempted on 
patients. 

Procedure.—Infiltration anesthesia with one-half per cent novocain (with- 
out adrenalin) is used. 

The Posterior Tibial Nerve is exposed through a 5-cm. incision 15 cm. 
above the internal malleolus and 2 cm. posterior to the medial tibial edge. 
The incision should be posterior to the internal saphenous vein. The internal 
saphenous nerve lies just posterior to the vein in the subcutaneous tissue and 
can be blocked at this time if desired. The deep fascia is incised, the septum 
between the flexor digitorum longus and the gastrocnemius-soleus group is 
followed laterally by blunt dissection to the nerve-vessel bundle which is re- 
tracted laterally, incised posteriorly and the nerve which lies posterior to the 
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vessel is isolated. It is freed for I cm., injected with 1 cc. of one pet 
cent novocain and crushed once, twice or three times with a small hemostat, 
depending upon whether it is desired to obtain anesthesia of the part it sup 
plies for six, nine or 12 months. For alcohol injection block the nerve is 
freed for 2 cm., silk ligatures are placed to completely encircle it, I cm. apart, 
the nerve is drawn out of its bed, saline compresses are placed behind and 
around it and 1 to 1% ce. of either absolute or 85 per cent alcohol is 
injected into the nerve through a 26 gauge needle which is introduced on a 
slant, for I cm., into the nerve. The injected nerve becomes white and dis- 
tended. The blood in the vessels of the nerve becomes brown. By means 
of the encircling sutures, which hold the injected alcohol between them, the 
nerve is rotated and injected posteriorly and medially not using more than 
1% cc. of alcohol for the complete injection. The encircling sutures are 
removed, the nerve is dropped back into its sheath, hemastasis is effected 
with five zero plain catgut, the deep fascia is not sutured and the skin is 
gently approximated with fine silk on sharp, small, cutting edged needles. 

Such a block will produce anesthesia in the sole supplied by this nerve 
for six to 12 months. Crushing the nerve in the injected area will prolong 
the anesthesia for four to six months more. Division and suture requires 
an exposure of the nerve for 2 to 4 cm. Sutures of fine silk are placed 
before the nerve is divided and the vessel of the nerve is ligated before com- 
plete division. This type of block is a more complicated operative procedure 
than crushing which produces the same results without ill effects and unless 
there is definite indication for division and suture I prefer crushing the 
nerve. Nerve crushing is the simplest, quickest and least traumatizing to soft 
parts and is recommended as the method of choice. 

The Deep and Superficial Peroneal Nerves may be blocked through the 
same or separate incisions. The operator should decide whether one or two 
incisions will be used before operating. In extremities, with severely com- 
promised circulations, separate small incisions placed directly over each nerve 
are more likely to heal by primary union than a single large incision exposing 
both nerves, which may require a dangerous amount of retraction and sub- 
cutaneous tissue dissection. To expose the deep peroneal nerve through a 
single incision, the skin is incised for 3 cm., 12 cm. above the external malleo- 
lus just lateral to the tendon of the tibialis anticus muscle. To expose the 
deep and superficial peroneal nerves through a single incision, the skin is 
incised for 5 to 6cm., 12 to 15 cm. above the external malleolus. The deep 
peroneal nerve lies deep to, and between the tendon of, the tibialis anticus 
and extensor digitorum longus muscle, anterior to the vessels, about I cm. 
below the deep fascia and it is not a large nerve. It may be posterior to the 
vessels. This nerve should be divided only for the relief of pain in the 
presence of a lesion which will not heal, and when amputation of the great 
or second toe is imminent. If the toe lesion is expected to heal, the nerve is 
blocked by crushing, alcohol injection or both. 

The Superficial Peroneal Nerve is larger than the deep peroneal. A single 
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incision to expose it is made 2 cm. long, 8 to 10 cm. above the external 
malleolus midway between the tibia and fibula. It is placed sufficiently pos- 


terior to the incision exposing the deep peroneal to insure sufficient blood 
supply to the skin between the incisions. The nerve trunk or its two separate 
branches at this point should be blocked. Thin extremities are best suited to 
a single incision exposing both deep and superficial peroneal nerves. The 
incision is placed 12 to 15 cm. above the external malieolus over the extensor 
digitorum longus muscle and should be about 6 cm. long. 

The Sural Nerve lies in the subcutaneous tissue and is exposed through a 
r cm. incision 8 cm. above the external malleolus just lateral to the tendo 
achillis. It lies deep to the small saphenous vein. 

The toe or foot lesion is not surgically treated at the time of the nerve 
block. It is dealt with more radically after primary operative wound healing 
has occurred. 

Incision should not be placed near acute pathology in the leg; in fact, 
such pathology contraindicates nerve block until it has subsided. Occa- 
sionally, nerves are not found in their usual anatomic position, in which case 
it is dangerous to perform extensive dissection looking for them. It is better 
to close the wound, wait for healing, and then locate the nerve by novocain 
injection and make the incision over this site. Unusual branching and ab- 
normal distribution of the nerves may be encountered and should be borne in 
mind when a nerve is being sought for, otherwise complete anesthesia may 
not be obtained over the usual anatomic distribution of the nerve. 

In the 46 cases of obliterative arterial diseases of the lower extremities 
observed, 82 nerves were blocked with alcohol; 29 with alcohol and crushing ; 
27 by division and three by division and suture. The following results are 
reported from a total of 141 blocked nerves. In this series the following is 
interesting. There was one female with pathologically proven thrombo-angiitis 
obliterans. The average age of the thrombo-angiitis obliterans group was 
39 vears; the arteriosclerotics with diabetes mellitus, 62 years, and the ar- 
teriosclerotics without diabetes mellitus, 66 years. The dorsalis pedis and 
posterior tibial arteries were not palpable in any of the cases blocked. The 
popliteal artery was palpable in 50 per cent of all cases blocked and the 
femorals were palpable in all cases. The oscillometric readings in the lower 
third of the leg varied from 0 to 1. The surface temperature of the toes 
were all two to three degrees below normal but were normal for the proximal 
half of the foot and lower legs. Pain was entirely relieved in 97 per cent of 
the thrombo-angiitis obliterans cases, in 90 per cent of the arteriosclerotics 
without diabetes mellitus, and 81 per cent of the arteriosclerotics with diabetes 
were relieved of from 75 to 90 per cent of their pain. The wound healing 
was primary in 91 per cent of all cases. In three of the earlier cases skin 
necrosis prevented complete healing for two or three months. The follow-up 
in the thrombo-angiitis obliterans cases has been uniformly good. The re- 
turn of sensation has been preceded by paresthesia which has not been trouble- 
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some. The foot has remained somewhat warmer and the local lesions have 


healed or else toe amputation sites in the anesthetized foot have healed. In 
three cases blocks of the same nerves have been performed three times for 
a recurrent painful toe ulceration over a five year period. In the arterio- 
sclerotic cases, without diabetes mellitus, healing of the toe lesion did not 
occur in 50 per cent of the cases and the block was followed in two to four 
weeks by amputation through the junction of the middle and lower third of 
the leg by a modified guillotine technic.*! The results in the arteriosclerotic 
group with diabetes mellitus was the poorest of either group and more ampu- 
tations followed in these cases. 
TABLE IV 
AMPUTATIONS IN 460 CASES OF PERIPHERAL NERVE BLOCK 


Number Wounds 
Healing by 


No. Gritti- No Primary Secondary 
Cases Leg Thigh Stokes Toes Amputation Union 
lhrombo- 17 2 oO I 5 9 51 3 
angiitis 
Obliterans 
Arterio- 18 7 I O 3 8 52 3 
sclerosis 
without 
Diabetes 
Arterio- II 8 2 I I I 31 3 
sclerosis 
with 
Diabetes 
Totals 46 17 3 2 9 18 134 9 


22 of 46 cases or 48% had a major amputation. 

9 of 46 cases or 19% had a toe amputation. 

18 of 46 cases or 39% had no amputation. 

In the thrombo-angiitis group there were three major amputations, two through the 
lower leg and one Gritti-Stokes. 

In the arteriosclerotic group without diabetes there were eight major amputations, 
seven were through the lower leg and one through the thigh. 

In the arteriosclerotic group with diabetes there were ten major amputations of which 
eight were through the lower leg and two were through the thigh. 


CONCLUSIONS 

The chief indication for peripheral nerve block is to relieve pain. It is a 
palliative operation. It saved 50 per cent of the arteriosclerosis cases and 
20 per cent of the arteriosclerotics with diabetes from a major amputation. 
No leg amputations were performed in the thrombo-angiitis group. The 
release of vasoconstriction by block increased the local temperature in the 
anesthetized area to varying degrees in the thrombo-angiitis cases, depending 
upon the degree of arterial occlusion and spasm in the vessel wall. It made 
dressings, treatments, postural exercises, warm whirlpool baths, dakinization, 
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excision of sloughs and osteomyelitic sequestra and drainage of local abscesses, 
possible without subjecting the patient to multiple general anesthesias. 

Careful instruction is necessary concerning foot hygiene and _ properly 
fitting shoes with corrected weight bearing to prevent trophic ulceration in 
the insensitive member. Patients should be particularly warned not to expose 
the insensitive part to any form of heat. Nerve block has permitted recovery 
with fewer major amputations and made it possible to perform minor ones 
where major ones might primarily have been indicated. The relief of pain 
during wound healing has freed patients from sedatives, improved their 
appetites, increased their weight and permitted normal function of their 
gastro-intestinal and genito-urinary tracts which were interfered with by seda- 
tives. Restful sleep has improved cerebral disorientation. Paralysis of the 
intrinsic muscles of the foot which follows any type of nerve block has not 
interfered with normal locomotion. 

These observations are in accord with many of those of previous essayists. 
For restatements I am apologetic but they are made to emphasize important 
points of technic and treatment and serve to verify other previously reported 
experiences. 
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Discussion.—Dr. GRANT P. PENNoYER (New York) stated that in the 
vascular clinic at Roosevelt Hospital experience with the procedure described 
by Doctor Smith had been sufficient to be convincing that in a certain very 
limited number of cases the procedure is extremely valuable. Before it is 
attempted, however, the indications must be considered very carefully. The 


case should be one suffering very severe pain from a foot lesion requiring 
conservative treatment over a long period of time. Quite a few patients 
with peripheral vascular disease fall in this group. Opiates with their de- 
pressing effect on the aged are avoided. The freedom from pain greatly im- 
proves the general condition of the patient. Minor operations such as a 
separation of sloughs and incisions for drainage can be performed without 
any anesthesia. The operation is not technically difficult and the results are 
very satisfactory. 

Doctor Pennoyer cited five cases in which peripheral nerve sections had 
been performed for the relief of pain in the foot, which, he admitted, was 
a very limited series upon which to base any conclusions. In one case the 
operation was only a partial success, the patient’s pain not being entirely 
relieved. The reason for this might have been some anatomic anomaly of 
the peripheral nerves or a technical error in identifying them. In the other 
four cases, however, the relief of pain was complete. Two of these patients 
had arteriosclerotic gangrene which slowly progressed so that they later re- 
quired amputation, but they both had a considerable period, one of about six 
weeks and the other four, before amputation was performed, during which 
they were quite comfortable. Before the nerve section they both had so much 
pain that it could be only partially controlled by morphine. The other two 
cases both have their feet, except for the loss of toes. One of these was an 
old gentleman with an arteriosclerotic gangrene of his right great toe who 
later developed an osteomyelitis of the first metatarsal. It seemed as though 
he was going to lose his foot but he was made entirely comfortable by blocking 
the nerves, and with conservative treatment for four months lost only his 
great toe and the distal half of the first metatarsal. 

An interesting anatomic sidelight in these cases is the fact that formerly 


943 











BEVERLY C. 





SMITH gnats of Sry 
it was taught in the Anatomy Department of Columbia University that the 
intrinsic muscles of the sole of the foot are very important in balancing when 
standing on one foot. It has now been noted that despite the fact that thes« 
muscles are necessarily completely paralyzed when the posterior tibial nerve 
is divided, these people seem to be able to walk and balance themselves on 
one foot about as well as they could before. 

At Roosevelt Hospital they acutally divided the nerves instead of crush- 
ing them or injecting them with alcohol. 


Dr. Davin C. Butt (New York) heartily endorsed Doctor Smith’s de 
scription of the results of this procedure, namely, relief of pain, decrease in 
morphine required, etc. He called attention to a complication which might 
be overlooked in thrombo-angiitis obliterans, but which had occurred in one 
of his cases. The small wound that had been made for the peroneal nerve 
approach healed primarily within a week. The patient went home soon after- 
ward, only to return several weeks later with a spreading ulcer originating in 
the wound. On culture this yielded a pure growth of Bacillus emphysema 
tosis. The lesion cleared up with wet dressings and skin graft, and healed 
completely. 























NERVE INJURY IN FRACTURE OF THE PELVIS 
Conrap R. Lam, M.D. 


Derroit, Micu. 


FROM THE DIVISION OF ORTHOPEDIC SURGERY OF THE HENRY FORD HOSPITAL, DETROIT, MICH. 


DURING a recent one year period, 18 patients with fracture of the pelvis 
were treated in the Henry Ford Hospital. Six of these presented definite 
evidence of nerve injury. While the complaints and symptoms were not 
serious, in terms of life and death or ultimate function, the nerve damage 
caused such severe neuralgia in four of these cases that the neurologic com- 
plication became the chief complaint throughout the period of hospitaliza- 
tion. This experience prompted our study of 100 consecutive cases of frac- 
ture of the pelvis with special reference to nerve injury, and a review of 
the literature on the subject. 

The standard text-books mention the complication briefly or not at all. 
Scudder”? states that G. G. Davis observed nerve injury in 2 per cent of 
pelvic fractures, and that the trauma to the nerve is in the origin of the 
lumbosacral cord as it lies at the pelvic brim. It is also stated that the 
evidence of nerve damage appears immediately, and that the likelihood of 
recovery from peroneal palsy incurred in this way is not great. Wil- 
son and Cochrane?‘ do not mention the complication. Speed?° says, “Nerve 
injury to the sacral plexus is rare, unless there is a severe crushing injury 
of the sacrum.’ Under the caption “Rare Complications of Fractures of the 
Pelvis,” Key and Conwell?* state that paralysis of the sciatic nerve occasion- 
ally occurs in fractures of the posterior pelvic ring. The paralysis is usually 
temporary and clears up spontaneously. Paralysis of the obturator nerve is 
a rare complication of fractures of the anterior pelvic ring. 

A review of the English and German literature of the past 20 years re- 
vealed no paper dealing particularly with this complication. No attempt was 
made to review the entire literature on fractures of the pelvis, a considerable 
part of which deals especially with urinary tract injury, and methods of 
treatment of the fracture. However, a fair idea of the frequency of nerve 
injury was obtained by reading all the articles containing reports of series of 
cases, and others in which nerve injury might have been mentioned. One 
thousand eight hundred eighty-nine cases of fracture of the pelvis were col- 
lected, and in this group, 14 cases of nerve damage were mentioned, giving 
an incidence of 0.75 per cent for the complication. The sources of this mate- 
rial are given chronologically in the bibliographic table appended. 

Most of these writers make no mention of nerve injury. Caldwell? stated 
that trauma to the various nerves in the vicinity of the pelvis may occur, but 
he reported no cases. Bacon had one case of persistent sciatica in a series 
of 32 cases of fracture. This patient had a fracture of the left ischium with 
moderate displacement. The nerve symptoms were late in appearing, and 

Submitted for publication June 8, 1936. . 
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prolonged the disability to six months. Hirsch** observed nerve irritation 
in his series of 102 cases of pelvic fracture, but the incidence was not stated. 
He was of the opinion that injuries to the nerve plexus, as demonstrated by 





disturbance of reflexes, motor function, and sensation, occur most often in 
injury of the posterior ring of the pelvis. Usually the injury is a spon- 
taneously reparable one, consisting of a tearing, contusion, or hemorrhage 
into the nerve, and the symptoms subside quickly, with reflexes frequently 
remaining absent permanently. He did not observe peroneal paralysis. 

Among Orator’s® 61 cases, there were three cases with nerve damage. 
One case, with fracture involving both sacro-iliac joints, had neuritis and knee 
contracture which cleared up a year later. Another patient, with a fracture 
through the left sacro-iliac joint, had paralysis and sensory changes in the 
extremity 16 years later, and was lame and bed ridden. A third case had 
a fracture of the left side of the sacrum and complained of sciatica. Gunzer* 
observed two cases of complete sciatic paralysis in his 24 cases. One of these 
had a Malgaigne fracture, and the other an acetabular fracture. Westerborn*® 
noted permanent peroneal paralysis in one case of his series of 306 cases of 
pelvic fracture, a vertical fracture of the sacrum being present. Sever® had 
one case of fracture into the right sacro-iliac joint, with complete paralysis, 
sensory and motor, of the right leg. A year later, the patient was well, except 
for slight weakness of the toes. 

G. E. Wilson*® reported that injury to the sacral plexus is a rare com- 
plication of fracture of the pelvis. He had seen only one case. The damage 
to the pelvis was severe, the right pubic bone having been driven downward 
two inches, with one-half inch displacement of the ilium on the sacrum on 
the left side. There was complete left peroneal paralysis, and partial paralysis 
on the right. There were no sensory disturbances, and the end-result was 
not stated. In their series, Colp and Findlay’? observed traumatic neuritis 
in one case, with fracture of the acetabulum. They assumed that there had 
been a laceration of the sciatic nerve, and attributed a poor end-result to the 
nerve injury, with the resultant atrophy of muscles, weakness, and con- 
tinued pain. 

Three cases of peroneal nerve injury were noted by Noland and Con- 
well!? in 125 cases. One of these showed permanent disability. Peabody" 
studied eight cases of innominate luxation, and observed sciatica in only one, 
which case also had a fracture of the transverse process of the fifth lumbar 
vertebra, in addition to the sacro-iliac dislocation. Wheeler?® stated, “It is 
obvious that the lumbosacral cord may be involved in any fracture in the 
region of the sacro-iliac joint, or the sciatic nerve may be stretched or crushed, 
giving rise to prolonged and protracted neuralgia.” He did not report spe- 
cific cases. 

From a consideration of the above reports, one would conclude that nerve 
injury is comparatively rare and is to be encountered only in cases with 

. demonstrable injury in the region of the sacro-iliac joint. Injury has been 
reported only in the sciatic nerve or its peroneal component. The following 
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nine cases of nerve injury found in 100 pelvic fractures are at variance with 
the above, because six of them did not present roentgenologic evidence of 
injury to the posterior ring, although the probability of temporary sacro- 
iliac separation with spontaneous reduction is admitted. Furthermore, nerves 
other than the sciatic were involved. 

The 100 cases of fracture of the pelvis reviewed in this study were treated 
during the past ten years. The mortality was 12 per cent, as compared with 
a mortality of 8.8 per cent in 1,142 cases collected from the literature. There 
were five ruptures of the bladder and four lacerations of the urethra, or an 
incidence of urinary tract damage of 9 per cent, as compared with II per cent 
in 1,468 collected cases. The figures on nerve damage, however, differ widely 
from those obtained from the 1,889 cases reviewed in the literature, the com- 
plication occurring in g per cent of this series and only 0.75 per cent in the 
collected cases. 

PROTOCOLS OF NINE CASES WITH NERVE INJURY 

Case 1.—No. 52539. White male, age 26. Admitted October 24, 1930, after an 
industrial accident. Roentgenologic examination of the pelvis showed fractures through 
the superior and inferior rami of the left pubis, and a fracture into the left sacro-iliac 
joint, with slight separation. There was no evidence of nerve damage on admission. 
On January 27, 1931, weakness of flexion of the great toe was noted. On February 24, 
1931, the patient complained of pain along the course of the sciatic nerve. Sensation 
was normal. On May 28, 1931, neurologic examination by Dr. G. O. Grain showed 
slight weakness of the tibialis anticus muscle, the calf muscles, the flexors of the toes, 
and the peronei. There was absolute anesthesia of the dorsum of the foot and the 
anterior surface of the leg about two inches above and below the ankle joint. His 
impression was that this represented residuals of injury to the left lumbosacral plexus. 
Neurologic examination on August 9, 1931, revealed slight improvement. One year 
later, the patient made an attempt to go back to work, but was unable to continue. On 
March 20, 1933, his permanent disability was estimated to be 20 per cent. A year later, 
he was still complaining of pain in the left foot, and some residual muscular weakness. 
There was no further follow-up. 

Case 2.—No. 177623. White male, age 27. Admitted June 20, 1932, after an 
industrial accident. Roentgenologic examination of the pelvis showed a fracture of the 
left side of the sacrum, two fractures of the left ascending ramus of the pubis, and a 
fracture of the left descending ramus, with considerable separation. He was placed in 
a pelvic sling, and remained in the hospital 16 weeks. On September 28, 1932, he 
attempted to walk, but complained of weakness in the left hip and numbness of the left 
buttock. Neurologic examination showed an area of absolute anesthesia on the left 
buttock, with muscular weakness not definite at that time. Examination several days 
later revealed marked weakness of the gluteus medius and slight weakness of the tensor 
fascia femoris and gluteus minimus on the left. This was assumed to be due to injury 
to the left sacral plexus, involving the components of the superior gluteal nerve and 
the cutaneous branches of the first three sacral roots. A hip spica was applied to main- 
tain the hip in abduction. Improvement of the gluteus medius weakness was noted on 
February 21, 1933, and again on June 16, 1933. On November 24, 1933, it was thought 
that there had been 100 per cent recovery from the nerve damage, and the patient was 
working. However, he reappeared February 22, 1936, complaining of some weakness 
of the left thigh. Slight atrophy was noted, and it was thought that there were some 
residuals of nerve damage. 

Case 3.—No. 153883. White female, age 46. Admitted September 22, 1930, after 
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an automobile accident, having been treated for several days elsewhere. Roentgenologic 
examination of the pelvis showed fracture of the superior and inferior rami of the left 
pubis. An important finding on admission was a severe third degree hot water bottle 
burn on the lateral aspect of the right thigh, which was infected. The patient stated 
that the area was numb following the accident, which accounted for her not feeling the 
overheated bottle. The anesthetized area was in the distribution of the lateral cutaneous 
femoral nerve. She died suddenly five days after admission, with cyanosis and symp- 
toms of respiratory embarrassment; clinically the cause of death was pulmonary embolism. 

Case 4.—No. 211733. White female, age 39. Admitted February 2, 1935, follow- 
ing an automobile accident. There were fractures of the superior and inferior rami of 
the right pubis, with slight displacement. The patient was treated on a Bradford frame. 
There were no particular complaints until April 16, 1935, when she was unable to sleep 
on account of shooting pains in both legs. The pain arose from the low back region 
and radiated down the posterior aspects of the thighs and legs. Neurologic examination 
by Doctor Grain two days later revealed absolute anesthesia in the distribution of both 
lateral cutaneous femoral nerves. That night, the patient filled a hot water bottle her- 
self, and applied it to the right thigh, receiving a third degree burn, slightly smaller than 
the area of the bottle. After several attempts with Reverdin grafts, the skin defect was 
closed. The neurologic lesion indirectly prolonged the disability several months. 

Case 5.—No. 218804. White female, age 23. Admitted June 22, 1935, following 
a motor car accident. There were fractures of both rami of the pubis bilaterally, and 
evidence of bladder damage. She was put on a frame, and suprapubic cystotomy was per- 
formed for the ruptured bladder. Four weeks after admission, she complained of pain in 
the right lez. Neurologic examination showed slight weakness of the extensors of the 
toes and tenderness of the peroneal and sciatic nerves. The Achilles tendon and the sole 
of the foot were tender. The knee jerk and ankle jerk was diminished. The symptoms 
were thought to be due to residuals of mild traumatic sciatic neuritis. There were no 
further complaints, and the patient was discharged after eight weeks, the suprapubic 
fistula being closed. 

Case 6.—No. 224161. White female, age 28. Admitted October 6, 1935, after an 
automobile accident. There was a fracture of the superior ramus of the right pubis, 
without displacement. She was placed on a frame. Preliminary neurologic examination 
was negative. Two days later, she complained of numbness of the lateral aspect of the 
right leg. No motor weakness could be made out. On October 23, 1935, she complained 
bitterly of pain in the leg. Neurologic examination showed no anesthesia of the skin. 
Slight weakness of the tibialis anticus, tibialis posticus, the peronei, and extensors of the 
toes was noted; obviously there was partial peroneal paralysis. During the rest of the 
period of hospitalization, she required constant sedation for the burning pain along the 
distribution of the peroneal nerve. She was discharged after six weeks, and returned for 
one follow-up visit a week later, still complaining of a burning sensation in the first and 
second toes. She was not followed further. 

Case 7.—No. 205402. White male, age 39. Admitted January 8, 1936, several days 
after an automobile accident. There were fractures of the rami of the pubis on both 
sides, with slight displacement. Bradford frame treatment was instituted. No nerve 
injury was noted on admission. One day later, it was noted that there were vague 
sensory changes in the left lower extremity. Neurologic examination the following day 
showed weakness of the left tibialis anticus muscle, with foot drop. Sensory disturbance 
was not marked, there being only relative diminution of sensation for touch, pain, and 
temperature. This represented involvement of the peroneal nerve. The foot drop was 
still present on January 24, 1936. The patient was discharged in six weeks with no com- 
plaints, and on the first follow-up visit a week later, the peroneal palsy had entirely 
cleared up. 

Case 8.—No. 228650. White female, age 22. Admitted January 10, 1936, after an 
automobile accident. Roentenologic examination of the pelvis revealed a fracture of the 
body of the right pubis, and the inferior ramus of the left pubis, with negligible dis- 
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placement. She was placed on a Bradford frame. Ten days after admission, she com- 
plained of numbness over the posterior aspect of the left thigh, calf, sole, and dorsum 
of the left foot. There was no definite anesthesia or motor weakness. The left ankle 
jerk was weak. On February 5, 1936, she complained bitterly of burning of the sole of 
the foot, and was frequently in tears from the discomfort, and a neurosurgical consultant 
suggested subarachnoid injection of alcohol for palliation. The patient refused this pro- 
cedure, but continued to require large amounts of sedatives. She was discharged after 
six weeks, still complaining of the burning sensation across the sole of the foot. She 
did not return for follow-up. 

Case 9.—No. 230677. White female, age 26. Admitted February 18, 1936, follow- 
ing an automobile accident. There were fractures of the rami of the pubis on both sides, 
fracture of the left ilium into the sacro-iliac joint, with considerable overriding of the 
anterior fragments. She was put on a Bradford frame with ten pounds of lateral traction 
applied to each hip, aecomplished by the use of bilateral leg encasements tied together 
at the feet, and the traction attached to slings around each thigh. The contraction of the 
pelvis was satisfactorily corrected, but the plaster encasements were removed early on 
account of the complaint of pain in the right leg. On March 6, 1936, an area of almost 
total anesthesia was noted on the anterolateral aspect of the middle of the right thigh. 
Subsequently, she complained of a burning pain in the ball of the right foot. Diagnosis 
of traumatic peripheral neuritis was made, the lateral cutaneous femoral nerve being 
chiefly involved. On March 21, 1936, neurologic check showed a patch of anesthesia on 
the dorsum of the foot corresponding to the distribution of the superficial peroneal nerve. 
There was slight weakness of the peroneal muscles. The patient was allowed to be up in 
eight weeks, and when last seen, was walking with only a slight limp. Sensation was 
returning to the anesthetic areas, there was no peroneal weakness, and no complaint of 
neuralgia. It should be noted that the nerve damage was on the right, while the sacro- 
iliac injury was on the left. 

SuMMARY.—The nerves involved in the nine cases cited consisted of in- 
jury to the peroneal component of the sciatic nerve in six instances, the lateral 
cutaneous femoral three times (bilateral in one case), the superior gluteal 
once, and the posterior branches of the first three sacral nerves once. 

The treatment of the nerve symptoms with regard to sensory disturbance 
was purely symptomatic, and in several cases was unsatisfactory. Several 
patients appreciated heat in the form of baking or diathermy ; others declared 
that heat aggravated the symptoms, and preferred a cradle over the leg so 
that the bed clothes did not touch the skin. Subarachnoid injection of alcohol 
was probably indicated in at least one case, but was not carried out. The 
lesson to be learned from the two patients with severe hot water bottle burns 
is evident. The muscle palsies were treated by the usual methods of support 
until regeneration had occurred. 

Since no autopsies or operative procedures were performed upon these 
cases, there is nothing to add to the theories of pathogenesis of the nerve in- 
juries. The preponderance of sensory over motor disturbance, the tardy 
appearance of the symptoms, and the spontaneous regeneration, would sup 
port the idea of previous writers, namely, that the trauma is in the form of 


a stretching or contusion, rather than a laceration. 
CONCLUSIONS 


(1) Nerve injury in fracture of the pelvis is probably more common than 


is generally recognized. 
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(2) Such injury may occur in the absence of demonstrable damage to the 


posterior pelvic ring. 


(3) Nerves emerging from the pelvis anteriorly, such as the lateral cu 


taneous femoral, may be involved, as well as the sciatic. 


(4) The protracted neuralgia and muscle weakness may be the chief 
> » 


concern of both the patient and the surgeon in certain pelvic fractures. 


The author is indebted to Dr. C. 


L. Mitchell for permission to publish the case reports. 
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THE INFLUENCE OF HEREDITY IN CANCER* 
Henry F. Grauam, M.D. 
BrRookiyn, N.Y. 


From earliest times there must have been thought and speculation in re- 
gard to the effects of heredity on human life. Biblical history states that 
all Israel was reckoned by genealogies.t Heredity plays an important role 
in the size of individuals, their physical shape or habitus, muscular strength, 
color of the hair and eyes and in many other characteristics. It is only a 
short step farther to the realization that a definite tendency to disease is also 
transmitted in certain families. Hemophilia, diabetes and cardiovascular dis- 
ease illustrate this and there are many others.” * 

The question of an hereditary tendency in cancer patients has evoked 
much discussion. According to Kurbler,t Paget (1857) found such a taint 
in 22 per cent of 254 cancer patients, but Winiwarter (1878), in 548 cancer 
patients in Billroth’s clinic, found it in only I per cent. Siegrist gives 2.5 
per cent and Baker (1866) as high as 43 per cent. Most of these observa- 
tions were from the figures of insurance companies and obviously the con- 
clusions are not to be considered reliable. The differences are too great. As 
recently as 1908 Bashford’® made a statistical analysis of the records of the 
Imperial Cancer Research Fund and concluded that cancer is probably always 
acquired. Until our records for many generations are more perfect than at 
present, the statistical approach to this problem will be suggestive only. 

In an analysis of family histories at the Eugenics Record office of the Car- 
negie Institution of Washington, Little’ shows that the progeny of a cancer- 
ous mother and noncancerous father were found to contain an excess of 
cancer. His study “seemed to show beyond any question that heredity plays 
a role in determining cancer incidence in man.” 

Wells‘ states that it seems safe to maintain that the existence of an heredi- 
tary influence on the susceptibility and resistance to cancer has ‘been estab- 
lished for both man and animals. Maud Slye® also believes this to be the fact 
and suggests that cancer susceptibility behaves like a recessive, insusceptibil- 
ity like a dominant characteristic. Macklin,® using a different statistical ap- 
proach, very logically shows that the family in which a mother and three 
daughters had their breasts removed for cancers before the age of 21 years 
had a 100 per cent incidence of the cancer, while the figures for 1928 in 
Canada for cancer of the breast at that age show the normal incidence would 
be I in 1,090,000. She feels that there are numerous families in which the 
incidence of cancer is so high that it precludes any explanation that it is by 
chance alone that these persons were affected. History and medical litera- 
ture are full of strikingly similar instances. 

* Read by title before the American Surgical Association, Chicago, May 7, 1936. 
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Cancer is said to have been frequent in the family of Napoleon. Napo- 
leon himself, his father, his brother and two sisters were all victims of can- 
cer. Warthin’s family S shows 38 members dying of cancer through four 
generations. Finney’? reports a family in which the mother, four daughters 
and three nieces have all been operated upon for cancer. All but one had 
cancer of the breast. Three of the daughters had a second cancer in the 
other breast, and one of these had a third cancer in the stomach. There are, 
however, 37 other members of the present adult generation of sisters, brothers 
and cousins who are free from cancer. The proportion of diseased indi- 
viduals and the location of the cancer seem to remove the element of chance. 
Kurbler* describes a-cancer family. In the second generation, one woman 
and two men died of cancer of the stomach. One woman also died of uterine 
and one woman of hepatic cancer. A son of the woman who had gastric 
cancer died of cancer of the rectum and all three daughters of the cancer of 
the liver case had cancer of the breast. In the fourth generation, there were 
also two women with cancer of the breast. The author recently removed 
the breast of a woman 38 years old. Her sister had had a radical mastectomy 
at the age of 36, followed a year later by removal of the other breast, and 
died of cancer six months later, at the age of 38. Pack"! cites two brothers 
age 52 and 54 who were both in the hospital at the same time with adenocar- 
cinoma of the stomach. One came in for tumor and pain, while the other 
showed loss ot weight only. A roentgenologic study demonstrated the growth 
in both cases. Very convincing evidence is submitted by McFarland and 
Meade,’* who feel that the simultaneous occurrence of similar, symmetrical 
tumors in both of homologous twins tends to prove the genetic origin of such 
tumors. They have collected a series of 40 tumors occurring symmetrically 
and simultaneously in 20 pairs of monozygotic twins. These were equally 
divided between benign and malignant growths. These authors! describe 
carcinomata of the stomach occurring simultaneously in uniovular twins, who 
were 70 years old. Their symptoms were identical, and the tumors were 
symmetrically located in the stomach. There was rapid progression of the 
disease and a similar pathologic report. Both tumors were adenocarcinomata 
of the cardia and fundus which extended nearly to the pylorus. The symp- 
toms started in October, 1933, in one, and in November, 1933, in the other. 
One died on April 29, 1934, and the other on June 17, 1934. Croon' de- 
scribed adenocarcinomata of the uterus in twins who were both 50 years 
of age. 

Deelman,’® after an investigation of the family history of 350 cases of 
cancer and 250 control cases, concludes: 

(1) “In a series of families of cancer patients, cancer is more frequent 
than in any other series of families. 

(2) “The surplus of cancer in the family of cancer patients always ac- 
cumulates in certain distinct families. 

(3) “There is a large group of cancer patients in whose family cancer 
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absolutely is not more frequent than agrees with the ‘normal’ chance of dying 
from cancer. 

(4) “Hereditary influences are only evident in a small category of cancer 
cases.” 

Hunter,'® using more modern statistics from insurance company records, 
draws the same conclusions as Deelman but states them differently. He 
says, “There are undoubtedly families which show a strong predisposition to 
the disease (cancer), but these are rare in proportion to the total popula- 
tion. So far there has been no conclusive proof that a person with one death 
in a family, either a parent or brother or sister, need fear a predisposition 
to the disease.” It has been generally accepted that mice transmit all the 
Mendelian factors necessary for susceptibility to transplanted tumors and also 
that hereditary factors determine the characteristics of both the host and the 
tumor cell.17 Macklin’® has summarized the subject very well and concludes 
in part that: 

(1) “Cancer is due to an inherited factor. 

(2) “Cancer of a specific type, in a specific organ, at a specific age, tends 
to occur in families. 

(3) “Related persons were affected ten times as often as unrelated per- 
sons. 

(4) “Chronic irritation, when present, appears to accentuate the speed of 
a reaction which was destined to occur at a later date. 

(5) “Identical twins, who have the same type of tumor, in the same 
organ and frequently at the same age, afford excellent proof of the role 
which inheritance plays in the production of cancer. 

(6) “Belief in the inheritance of cancer affords an opportunity for early 
diagnosis.” 

She analyzed the life history of a family, later described, in which the 
mother, three daughters and a son all died of carcinoma of the rectum. 
Using the 1931 vital statistics for Canada, she found “123 deaths from rectal 
cancer between the ages of 30 and 55, the ages in which your group died. 
There were 104,517 deaths that year from all causes, at all ages. Therefore, 
approximately one in every 750 persons was dying from rectal cancer at 
those ages. Now, if cancer were due to chance, the chances for rectal cancer 
affecting five persons in the same family between the ages of 30 and 55 would 
be determined by the binomial theorem, as follows: (a plus 750b).> If that 
is expanded, you find that in 237,304,687,500,000 families of five persons, 
you will get one family where all died of rectal cancer without there being 
any necessity for heredity being brought in as the explanation. If heredity 
is the explanation, and if it were due to a dominant factor, then, with a 
mother showing it and a family of four children, you would find the chances 
for all four affected varying from one in one, if the mother were homozygous 
for rectal cancer, to one in 16, if she were heterozygous. The chances would 
be also one in 16 for all children affected, if cancer were due to a recessive, 
for in this family, the mother would show it and the father would be hetero- 
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zygous for it, and the results would be the same as if it were due to a dominant 
with the mother having one factor for it, in other words, heterozygous.” 
Maud Slye was recently quoted as having stated that, in her opinion, cancer 
could be conquered only by breeding it out of the race. She estimated it 


would take 500 years to accomplish this. 


ABRIDGED HISTORIES OF A IFFAMILY PERSONALLY OBSERVED 


Case Reports.—The mother, Sophie R., in 1916, at the age of 54 complained of fre- 
quent, small, lumpy stools and a sensation of pressure in the rectum and back. Examina- 
tion showed a small cauliflower growth at the lower end of the rectum. A colostomy 
was performed but death ensued on June 11, 1916. A microscopic examination was not 
obtained. 

A daughter, Sophie R., age 24 began in 1913 to lose weight and complain of 
frequent bowel movements accompanied by a griping pain in the region of the transverse 
colon. She also noted blood in the stool. In June, 1914, an appendicostomy was per- 
formed with plication of an incompetent ileocecal valve. She gained weight and the 
diarrhea was controlled, but traces of blood were still present. A tuberculin test was 
positive. In September, 1914, a rectovaginal fistula developed and a large nodular mass 
was felt in the lower rectum. A microscopic examination showed a malignant adenoma. 
Radium was used but death ensued on March 30, 1916, at the age of 30 years. 

A daughter, Bertha R., age 25, noted a mass the size of a grapefruit in her abdomen. 
On June 3, 1915, the terminal ileum, cecum and a retroperitoneal fibroma were removed. 
In June, 1931, she reported that for several months she had noticed a slight change in her 
bowel action. First there was a diarrhea and now for two weeks there have been gas 
and distension. Her age is now 40. Examination showed a hard distended abdomen and 
a circular cauliflower mass, admitting only the tip of the index finger, was felt three 
inches up the rectum. A colostomy was performed. Microscopic examination of the 
growth showed an adenocarcinoma. Death occurred on the day following operation. 

A son, William R., age 31, in October, 1930, stated that six months previously he 
had suffered from several attacks of indigestion accompanied by chest pain and gas in the 
stomach. One month later looseness of the bowels ensued and pain in the left loin with 
much intestinal gas. Examination showed a large nodular growth of the rectum forming 
a complete circle. There were also metastases in the lung. On August, 9, 1931, a colos- 
tomy was performed. Microscopic examination showed an adenocarcinoma. He died 
April 1, 1932. 

A daughter, Emma R., age 47, the sole surviving member of the family, was ad- 
mitted to the Presbyterian Hospital, New York, on December 10, 1935. She had had a 
mucous colitis for many years. Three months before admission her bowel movements, 
which had previously been two or three a day, changed to six or eight a day. Only once 
had she noticed a little blood in the stool. Examination showed a mass 10X5 cm. about 
the umbilicus. There was also a large fungating mass 4 cm. inside the anal sphincter, 
involving the anterior and left side of the rectal wall, with partial obstruction. A colos- 
tomy was performed. Microscopic examination showed carcinoma of the rectum, with 
metastases to the liver and mesentery. She died on December 28, 1935. 

Environment has been considered a factor in the production of cancer. Various mem- 
bers of this family lived at seven different known addresses. 


REFERENCES 
'The Bible: 1 Chronicles 9, 1. 


* Draper, George: Genetics and Clinical Medicine. N. Y. State Jour. Med., 35, Decem- 


ber 15, 1935. 
* White and Pinkus: On the Inheritance of Diabetes Mellitus. Amer. Jour. Med. Sci., 


126, I, 1933. 


955 





HENRY F. GRAHAM Annals of Surger 


November, 105 


Krubler, Juraj: Veretbung der Krebskrankheit. Ztschr. F. Krebsforsch., 40, 271-270, 

Berlin, 10934. 

* Bashford, E. F.: Heredity in Cancer. Lancet, 2, 1508-1512, London, 1908. 

‘Little, C. C.: The Role of Heredity in Determining the Incidence and Growth of Can 
cer. Am. Jour. Cancer, 15, 2780-2789, 1031 

* Wells, H. Gideon: The Nature and Etiology of Cancer. Am. Jour. Cancer. Supple 
ment to 15, No. 3, July, 1931. 

5 Slye, Maud: The Relation of Heredity to Cancer Occurrence. Amer. Jour. of Cancer, 
18, No. 3, July, 1933. 

® Macklin, Madge T.: Human Tumours and Their Inheritance. Canad. M.A.J., 27, 182 
187, August, 1932. 

’Finney, W. P.: A Cancer Family. Proc. Staff Meet., Mayo Clinic., 7, 383-384, 1932 


“ Pack, George T.: ANNALS OF SURGERY, 100, 1016-1018, 1934. 


McFarland, J., and Meade, T. S.: The Genetic Origin of Tumors Supported by Their 
Simultaneous and Symmetrical Occurrence in Homologous Twins. Am. Jour. M. 
Sc. 184, 66-88, 1932. 

*% McFarland, J., and Meade, T. S.: Carcinoma of the Stomach in Identical Twins. Am 

Jour. of Cancer, 25, 544, November, 1935. 


Gynaec. Brit. Emp., 21, 330, 1912. 


4 Croon, John H.: Adenocarcinoma of the Uterus in Twins. Jour. Obstet. and 


** Deelman, H. T.: Heredity and Cancer. ANNALS OF SURGERY, 18, 30-34, 1931. 


* Hunter, A.: Heredity of Cancer in Mankind. Am. Jour. Cancer, 19, 79-82, 1033. 

* Bittner, John J.: Genetic Studies on the Transplantation of Tumors. Am. Jour. Can 
cer, 20, 834-837, 1034. 

** Macklin, Madge T.: Heredity in Cancer and Value as an Aid in Diagnosis. Edin 
burgh Med. Jour. N. S. IV, 42, No. 2, 1935 











BRIEF COMMUNICATION 
AND CASE REPORT 


TOTAL GASTRECTOMY * 
Joun E. Jennincs, M.D. 
New YORK 


Case Report.—H. D., white, male; 35 years old; pharmacist. 





Peter's Hospital, Brooklyn, New York, August 7, 1935. He complained of pain in 


the epigastrium and upper left abdominal quadrant, which occurred in paroxysms radt- 


ating upward and to the left. He had suffered this pain for about a year with inter- 


vals of abatement rather than remission. He had a sense of fulness 


solid or semisolid food. Vomited two to three times a day. Had 


stools were streaked with blood and had lost 35 pounds in the last three months. 


gave a history of treated lues four years previously but no other serious illness. 


Examination of his abdomen revealed a palpable mass in the left upper quadrant, 


smooth and movable. 


Roentgenologic Examination—Inconclusive. An extensive polypoid 


and vomiting had become aggravated and more tarry stools were evident. 
of preparatory gastric lavage he was operated upon December IT, 1935. 


along the median side of the left rectus. The cartilages of the tenth 


and that an anastomosis between this section of the cardiac end of 


Submitted for publication April 13, 1036. 
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involving the upper and middle portion of the stomach was visualized but was _ not 
interpreted as malignant; rather, a luetic origin of the lesion was suggested. 
put on active antiluetic therapy and sent home. October 24, 1935, he was readmitted 
in somewhat worse condition than when he was discharged on August 24, 10935. 
Roentgenologic 


studies showed some advance in the infiltrative lesion of the stomach and after a period 
Under open ether anesthesia an incision was made from the ensiform to the navel 


were cut without wounding the pleura and the stomach exposed. An infiltrating growth 
had invaded the fundus, the posterior wall and the cardiac pertion of the lesser curva- 


ture. It was thought, however, that a narrow zone distal to the cardia was uninvolved 


the jejunum could be accomplished. A few enlarged lymph nodes were felt in the 
gastrocolic omentum. The liver was apparently free of malignant invasion. 
sions were found other than a doubtful thickening between the fundus of the stomach 
and the spleen. The pylorus was clamped, divided, and the distal end sutured and 
inverted with a double purse string suture of chromic gut. The vessels of 
curvature were clamped and the stomach freed from the colon. In freeing the adhesion 
to the hilus of the spleen, branches of the vein were wounded and it was found desirable 
to remove the spleen. In exploring the lesser curvature it was found that the infiltration 
of the neoplasm approached so close to the cardia that no gastric anastomosis could 
be accomplished. The esophagus therefore was clamped and divided close to the gastric 
wall and the stomach removed. A stout silk ligature was applied about the esophagus 


* Presented before the New York Surgical Society, January 22, 1936. 
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in the bite of the clamp. The transverse mesocolon was opened and a loop of jejunum 


immediately distal to its beginning was drawn up and secured to the diaphragm pos- 
terior to the esophageal hiatus, for a distance of three inches, by a running suture of 
silk. Stay sutures of silk were introduced lateral to this continuous suture. The 
jejunum was then opened with a cautery and the ligated end of the esophagus placed 
into it and secured by three interrupted silk sutures well proximal to the site of its 
occlusive ligature. The line of continuous sutures which effected the apposition of the 
jejunum and the diaphragm was now continued around and in front of the esophagus, 
and a few supporting interrupted sutures were placed in front of this. The ligated 
esophagus was thus introduced into a loop of jejunum which had been firmly secured 
to the diaphragm around the site at which the penetration had been effected. The 
esophagus lay without tension, ligated within the jejunal lumen. The mesenteric open- 
ing was secured to the displaced loop of jejunum. No jejunojejunal anastomosis was 
made. A jejunostomy, employing a No. 16F rubber catheter, was made after Witzel’s 
method, a fold of omentum sealing the approximation to the abdominal wall, the 
catheter was drawn through a stab wound at the outer edge of the left rectus, two 
inches above the line of the umbilicus, and the median wound closed in layers without 
drainage. 

A transfusion of 500 cc. of blood was given four hours after the operation. The 
patient was kept under morphine for three days. He was fed immediately through 
the jejunostomy tube with peptonized milk and salt solution. He received 2,000 cc. 
of milk and 1,000 cc. of normal salt solution on his third day and so fed in this summer 
until the seventeenth day. He was allowed to chew gum. On the fifteenth postoperative 
day he noted a regurgitation of fluid into his throat but was able to swallow it again. It 
seemed probable that the ligated esophagus had opened, as it was hoped would eventuate, 
and on the seventeenth day feeding by mouth was begun. This has been continued with 
increasing courage since that time. He is now eating cereals, soups, eggs and _ soft 
vegetables with chopped meat. 

The pathologic examination showed an ulcerating infiltrative lesion of the stomach 





an adenocarcinoma—involving all the muscular layers with many areas of myxomatous 


degeneration. Lymph nodes showed malignant invasion. 


This case is reported because of the following points of interest: 

(1) A method of esophagojejunal anastomosis is submitted which de- 
pends upon suture of the intestine to the diaphragm, the ligated esophagus 
being introduced into the intestinal lumen within that suture ring. 

(2) A secondary jejunostomy, for nutrition, maintained the patient’s 
weight and well being for 17 days, until the ligature of the esophagus had 
cut through; after continuity had been established, feeding by mouth was 
begun and maintained. 

(3) The presence of ravenous hunger in the complete absence of the 
stomach is noted—without comment on present physiologic dicta. 

(4) The absence of biood changes, up to this time, is noted. 

(5) The fact that the spleen was removed is also noted, and the possi- 
bility that damage to the circulation of that organ may have played a part in 
some fatalities following total gastrectomy should not be ignored. 


Discussion.—Dr. RicHarp LEwisoHN (New York) congratulated Doc- 


958 























Volume 104 TOTAL GASTRECTOMY 
Number 5 


tor Jennings especially on the fact that, to his knowledge, this was the first 
case surviving a total gastrectomy to be presented before the New York 
Surgical Society. Doctor Lewisohn wondered in how many instances Doctor 
Jennings’s original procedure would be applicable, and said that one might 
well speculate on what would happen should the ligature fail to cut through 
properly. The procedure would seem to be applicable only in cases with a 
fairly long intra-abdominal esophagus. Doctor Lewisohn described a case in 
whom he had performed total gastrectomy in December, 1935, and stated 
that the patient died, due to a leak, within four weeks. The prognosis in total 
gastrectomy, especially for cancer, is not good. If the patient survives the 
operation, he succumbs, usually within a short period, of recurrence. He 
wished to inquire whether the microscopic sections of the cardiac end of the 
stomach showed esophageal mucosa. 


Dr. Cart Eccers (New York) said that as he understood it, Doctor 
Jennings’s operation of total gastrectomy had not been deliberately planned, 
but was in the nature of an experimental operation. That he had met the 
conditions found at operation in the brilliant way in which this was done 
was one of the most noteworthy features of his presentation. Total gastrec- 
tomy is a formidable operation, it is rarely attempted, and, when successfully 
performed, frequently fails as the result of some complication. Leakage 
with a fatal peritonitis is the usual cause of death. 

There are two methods of anastomosis most frequently employed; an 
esophagoduodenostomy, or an esophagojejunostomy. The former is always 
subjected to great tension or there may be interference with the blood supply, 
both of which favor an insecure anastomosis. Doctor Jennings employed the 
latter method and emphasized two principles in its performance. He fastened 
the jejunum securely to the under surface of the diaphragm, thereby avoiding 
tension, and he kept the esophagus stump tied with a silk ligature until it cut 
through spontaneously, thereby preventing the entrance of organisms from 
the mouth and keeping the anastomosis at rest until it was healed. A jejunos- 
tomy below the anastomosis was used for feeding. 

There are several points of interest connected with this case, the most 
important of which seems to be the feasibility of implanting an esophagus 
stump, devoid of a serous covering, into an organ which has a peritoneal coat. 
This problem has interested all surgeons who perform resections of the cardia 
or of the lower esophagus for carcinoma. Doctor Fischer of this society has 
described a method of implanting the esophagus stump into the fundus of the 
stomach after resection of the cardia, which involves the same principles em- 
phasized by Doctor Jennings. He has also advocated leaving the stump 
closed and permitting the ligature to cut through at a later date. The principle 
seems sound, as it will effectually put the anastomosis at rest, and at the same 
time prevents mouth organisms from coming down. That healing of an un- 
covered esophagus stump into an organ covered with peritoneum can take 
place is proved by the case presented tonight. Personally, I have a beautiful 
speciman illustrating this point. After resecting a carcinoma of the cardia 
from above, I had implanted the open esophagus stump into the fundus of 
the stomach. The patient died ten days later as the result of a small medias- 
tinal abscess. The suture line was intact, the coats firmly united. Soiling of 
the field had apparently occurred at the time of operation and might have 
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been avoided by implanting the closed stump into the stomach, In case one 
fears that a silk ligature may not cut through one may use chromic catgut, 
which would dissolve in a reasonable time. 


CORRECTION 
In the title of the article “Sacrococcygeal Transrectal Approach for High 
Rectovaginal and Vesicovaginal Fistulae” by Dr. John C. A. Gerster which 
appeared in the ANNALS OF SuRGERY, Vol. 104, No. 2, pp. 244-247, August, 
1936, the word Vesicovaginal should be corrected to Rectovesical. 
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